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COMPOUNDS CONTAINING 8 At. CARBON, 


I. MELLJTENE SERIES. 


A. Unknown Primary Nucleus. Mellitene, C s H 4 . 

B. Secondary Nuclei. 
a. Unknown Oxygen -n licit us. C S H 2 G 2 . 

Meliitic Acid. C 8 H 2 0 8 = C fi H 2 0 2 ,0 r \ 

Klaproth. Seller. J. 3, 401. — Beitrage , 3, 114. 

Vauquelin. Ann. Chim. 30, 203; also Seher. J. 5, 500; also Crell. 
Ann. ISO, 1, 405. 

Wohler. Fogg. 7, 325. — Fogg. 52, 000; also Ann . Phcmn. 37, 203. 
Liebig & Wohler. Fogg. 18, 101. 

Liebig & Pelouze. Ann. Phcmn. 19, 252. 

Erdmann & Marchand. J . pr . Ohm . 43, 129. 

Pv. Schwarz. Ann. Fhctrm. 00, 40. 

Karmrodt. Ann. Fharm. 31, 104; abstr. Phcmn . Centr. 1852, 225; 
Jahresber , 1852, 458. 


Melllthsanre, Honlgstelmaiire, Acide inelliizque. —Dlscoveied in Iloncvstone by 
Klaproth in 1799. 

Source. Only in mellitate of alumina (mellite or honeystone), ^ 
mineral occurring in beds of lignite. — The statement of Hiinefield 
(Schw. 49, 215) that meliitic acid may be obtained by treating amber 
with bot hydrochloric acid, requires confirmation. 

Preparation. Finely pounded honeystonc is treated with solution of 
carbonate of ammonia, whereby effervescence is produced; the liquid 
boiled till the excess of carbonate of ammonia is expelled; caustic 
ammonia added to precipitate alumina, inasmuch as the acid ammoniacal 
salt formed during the ebullition may dissolve a portion of that base; 
the liquid filtered and evaporated till neutral mellitate of ammonia 
crystallizes out; and this salt purified by recrystallization from water, a 
VOL x. b 
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small quantity of ammonia being eacli time added, to reconvert the acid 
salt produced by evaporation of the ammonia, into the crystallizable 
neutral salt. The purified ammoniacal salt is finally dissolved in water; 
the solution precipitated with acetate of lead or nitrate of silver; the 
washed precipitate decomposed by sulphuretted hydrogen if it contains 
lead, or by hydrochloric acid if it contains silver; and the liquid filtered 
and evaporated, wdiereby the excess of hydrochloric acid is expelled. 
(Wohler!) 

The lead-precipitate contains ammonia, which is transferred to the 
separated acid. Either, therefore, the acid must be reprecipitated with 
acetate of lead; the precipitate, •which still contains a small quantity of 
ammonia, washed and again decomposed with sulphuretted hydrogen; 
and the acid thus liberated precipitated a third time with hydrochloric 
acid, in order to obtain a precipitate free from ammonia, and thence to 
separate the pure acid by sulphuretted hydrogen. — Or the ammonia-salt 
must be boiled with excess of baryta-water; the resulting baryta-salt 
decomposed by digestion with dilute sulphuric acid; the liquid filtered and 
evaporated till it crystallizes; and the crystals freed from adhering sul¬ 
phuric acid by recrystallization. (Erdmann & Marchand.) — To prepare 
colourless mellitic acid from the brown acid mother-liquor obtained in 
the preparation of meliitate of ammonia, the colouring matter may be 
precipitated by chloride of barium; the meliitate of baiyta thrown down 
from the filtrate by ammonia or by boiling with acetate of ammonia; 
and the meliitate of baryta converted into meliitate of ammonia by 
digestion with carbonate of ammonia; or the brown mother-liquor may 
be precipitated by a strong solution of sulphate of copper, and the crys¬ 
tallized meliitate of copper decomposed by hydrosulphate of ammonia. — 
In precipitating the purified ammonia-salt by nitrate of silver, it is 
necessary to drop the former into an excess of the latter; otherwise the 
precipitate retains ammonia. (Schwarz.) 

2. Pulverized lioueystone is boiled with water, the aqueous mellitic 
acid separated from the alumina by filtration, and evaporated. (Klaproth.) 
— The acid thus prepared contains alumina. (Wohler.) — 3. Honeystone 
is digested with aqueous carbonate of potash, whereupon carbonic acid 
escapes with effervescence; the solution of meliitate of potash filtered, 
and mixed with nitric acid; and the liquid evaporated, whereupon the 
acid crystallizes out. (Vauquelin.)— The product thus obtained consists 
of acid meliitate of potash mixed with nitre. (Wohler.) 

Properties. As obtained by evaporation: White powder exhibiting 
scarcely any appearance of crystalline structure; as crystallized from the 
solution in cold alcohol by spontaneous evaporation: Delicate, silky 
needles united in stellate groups. Fusible by heat, tastes strongly acid. 
Permanent in the air. (Wohler.) 



Crystallized. 

Wohler. 

Schwarz. 

8 C . 

. 48 . 

... 42*11 ... 

. 42*38 .. 

. 42*15 

2 H . 

. 2 . 

... 1*75 ... 

. 1*82 .. 

. 1*77 

8 0 . 

. 64 . 

... 56*14 .. 

. 55*80 .. 

. 56*08 

C s H 2 0 2 ,0 6 . 

. 114 . 

... 100*00 ... 

. 100*00 .. 

. 100*00 


According to the radical theory, the hypothetical anhydrous acid M = C 4 0 3 = 48. 

Decompositions . L The crystallized acid does not give off water at 
200°, but at a higher temperature sublimes partly unaltered, while the 
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greater portion is decomposed, with separation of a large quantity of 
carbon, but without empyreumatic odour. (Wohler.) — IT According to 
Erdmann (J. pr . Cheni . 52, 432), the sublimate obtained by heating 
mellitic acid consists of a new acid, viz. Pyromellitic acid, C 5 0 3 or 
C i0 HG 6 , which melts in the neck of the retort, runs down and solidifies in 
a radiated crystalline mass. Water likewise passes over; gas is evolved, 
chiefly carbonic acid, and charcoal remains behind. IF. — 2. Mellitic acid 
heated in the air, burns with a bright sooty flame, and aromatic odour, 
leaving a large quantity of charcoal which afterwards burns completely 
away. (Wohler.) — Boiling nitric acid neither dissolves nor decomposes 
the acid (Klaproth, Wohler): neither is it decomposed by boiling oil of 
vitriol. (Wohler.) 


Combinations , The acid dissolves readily in Water; the concentrated 
solution is of a syrupy consistence. (Wohler.) 

Boiling Oil of Vitriol dissolves the acid, and when evaporated by a 
stronger heat, leaves it undecomposed. (Wohler.) 

All Jlellitates , when subjected to dry distillation, yield a large 
quantity of carbon and a small quantity of products containing hydrogen. 
(Wohler). — IT Mellitates slowly distilled with strong sulphuric acid, 
yield pyromellitic acid, which passes over w r ith the sulphuric acid, a 
large quantity of carbonic acid gas being at the same time evolved, 
together with carbonic oxide, and towards the end of the decomposition, 
sulphurous acid. (Erdmann.) IT 

Mellitate of Ammonia, — a. Neutral. —Preparation (p. 1). — Large, 
shining, transparent crystals, having a slight acid reaction. They 
exhibit, with the same iimount of acid, hut probably a different amount 
of water, two forms, both indeed belonging to the right prismatic system, 
but exhibiting very different angles. (Wohler.) 

a. Derived from a rhombic octohedron {Fig. 41), whose three axes 
are to one another as V 3*290 : J 7*881:1; crystallizes in the form 
represented in fig . 68 ; p : y— 151° 8 ; ; p : i = 160 ° 24 ; ; u r : 26=114° 16'; 
u:t=122° 5 f ; the 2-face longitudinally striated; no cleavage-plane 
parallel to p ; fracture conchoidal. (G. Rose.) 

/3. Rhombic octohedron, in which the three axes are to one another 
as v'2‘675 : V7’923:1'; crystalline form (Fig. 67); p:a= 144° 44 r ; 
a:a=146 :i IT a:u=125 : 16'; u'\u= 119" 41'; u-.t=12tf 9£'; 
cleavage parallel to p ; longitudinal fracture uneven; all the faces 
smooth. (G. Rose, Pogg. 7,335 ) 

The salt a becomes milk-white and opaque by exposure to the air. 
The salt /i, when taken out of the mother-liquor, becomes almost instantly 
opaque and friable, rather perhaps from shifting of the particles than 
from loss of water: in many cases, however, half of the crystal remains 
transparent. (Wohler.) 


Crystallized. 

8 C . 48 .... 23*/6 

2 N . 28 . . 13*86 

14 H . 14 .... 6*93 

14 O . 112 . 55*45 


Erdm. & Mar. Schwarz, 


24*12 .. 23*91 

14*14 . ... 13*61 

7*09 7*16 

54*65 55*32 


C s (NH 4 ) 2 0 8 + 6A(i. 202 .... 100*00 


100*00 


ICO-OO 
2 B 
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2NIP . 

CX)«. 

8110 . 

OXN1U}20« CAq, 


... ?A .... 1 C> * 8 r> 

... 95 .... 47*5ii 

. 72 .. 05*G1 

.. 202 . 100*00 


Irdmann & Mavchaud. 
. . 17*00 

.. 47*79 


The large transparent crystals analyzed by Schwarz were dried over chloride of 
calcium. Those examined by Eidmann & Marchand had the fonn 


Those crystals which effloresce in the air, becoming opaque and like 
porcelain; losing at the same time exactly 2 At water. At 100°, the 
crystals give off 24*1 p. c. water, together with a little ammonia, which, 
as the temperature rises, accompanies the escaping water iu continually 
iucreasin g quantity. 

At 150 J the salt is converted, in the course of a few hours, with 
evolution of large quantities of ammonia and water, into a pale yellow 
pulverulent mixture of pavamide and acid cnchroatc of ammonia. 
(Wohler.) 

Formation of pavamide: 

2NlI ? *,C s ir- , O s ' - C'*NII0 1 + Nil" + 4110. 

Formation of ouch route of ammonia: 

3(2N T ir,C , U 2 0 ? ; e 2NIF,(J : '2I : IUO l,: + 2 NII ;{ + 8 UO. 

Wheu the salt is heated to 1G0°, a further decomposition takes place, 
a bitter substance then mixing with the puramulo. — When meditate of 
ammonia is heated in a retort to 800° — 350% water passes over together 
with caustic ammonia and carbonate of ammonia: a pa ] e green somifused 
sublimate, and a small quantity of white crystalline sublimate are formed; 
and a carbonaceous mass remains behind. This residue is a mixture of 
charcoal, greenish yellow shining needles, and a, small quantity of acid 
matter, which may bo dissolved out by water. Digested with ammonia, it 
yields a dark blue-green solution, which on cooling deposits a small quantity 
of delicate white 1 ami me, which volatilize imdecomposed in the form of a 
woolly sublimate. Tim green ammoniacal solution liltered from the,so 
larnhue yields with hydrochloric acid, a dark biue-greeu precipitate, 
which is difficult to wash; black after washing and drying; shining; 
very Liable; yields a dark green powder; and is resolved by lmal into 
hydrocyauatc of ammonia and charcoal. The hydrochloric acid solution 
filtered from this precipitate, soon deposits small yellow crystals, pro¬ 
bably the same as those which are visible in the carbonaceous residue, 
and identical in composition with the yellow bitter substance. (Wohler.) 

-—®tf. According to N. W. Fischer (*f. pr. Chcni. 51, 113), the blumli 
green body which sublimes between 300’and 400 J is accompanied by 
an amorphous, yellow, strongly bitter substance; the latter is soluble in 
boiling water, the former not; both yield easily soluble compounds with 
alkalis, and insoluble compounds with the oxides of the heavy metals. 
The residue which is left before the heat has hecu raised to 300'' —400°, 
yields, on ignition, a sublimate of colourless crystalline needles, which 
are insoluble in water, dissolve in ammonia only at boiling heat, and 
separate oil cooling in the form of a crystalline powder. Fischer regards 
it as probable that the blue, yellow, and colourless sublimates are isomeric 
compounds; inasmuch as the two former yield the latter when suddenly 
heated to redness, and the latter when slowly heated to 300°*—400°, is 
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converted into the two former. C L — The concentrated solution of mel- 
litate of ammonia, scaled up in a glass tube, is not altered by heating it 
for several hours to 200° (Wohler). — The solution boiled in contact 
with the air, gives off ammonia and forms a much more soluble acid salt; 
consequently ammonia added to the liquid, after evaporation and cooling, 
throws down the neutral salt in the form of a crystalline magma. (Wohlei\) 
b. Acid. — Animonio cupric meditate obtained by precipitating cupric 
sulphate with neutral mollitatc of ammonia, is decomposed by aqueous 
hydrosulphuric acid, and the filtrate evaporated till it crystallizes. Right 
rhombic prisms, truncated on the/our lateral edges. vJ : u ; = 122°. 
(Erdman & Marcliand.) 


Air-ch ied Crystals, Erdmann & Marcliand. 


24 C. . 

... 144 . 

. 32*15 . 

.. 32*03 

2 N . . 

... 28 . 

6*25 . 

6*30 

20 II . 

20 . 

4*46 . 

4*78 

32 0. 

256 

57 14 ... 

. 56*89 

O’(Nl-1 4 )-0 s ,2C s H 2 0 s -!- 8 A q. 

448 

. 100*60 

100-00 


Meditate of Potash. — a. 1Yeutial. — Isoniorphous with the neutral 
ammonia-salt v. [Fig. 68). u' :u= 114°; p p :^=160°; u : tz= 

123° nearly. (Neumann.) The crystals are much inclined to effloresce. 
Crystals already partially effloresced give off 20T p. c. water at 170°, 
and the dry residue contains 19’51 p. c. potash: the composition of the 
crystals is therefore C 8 K a O M , 6 Aq. (Erdmann & Marchand.) 

b. Acid. — The solution of 1 At. salt a, and 1 At. mellilic acid in hot 
water, yields, on cooling, largo opaque, right rhombic prisms, with the 
terminal edges truncated, and the acute lateral edges sometimes truncated, 
sometimes bevelled. 

At a gentle boat, they give off w T ater and become milk-white, and at 
180° give off L7‘93 p. c. (4 At.) water. They dissolve in water more 
readily than a , and nitric acid added to the solution throws down a com¬ 
pound of the salt b with nitre. (Wohler.) 


S C . 

Crystallized. 
.‘. 43*0 

.... 25*51 .... 

Wohler, 

. .. 25*64 

5 II . 

. 5*0 

2*65 ... 


KO .... 

. 47*2 

... 25*08 ... 

..... 23*99 

11 O . 

88-0 

. 46*76 



OTIKOVlAq.18S-2 . 100*00 


By mixing concentrated solutions of the neutral salt and the free acid, Erdmann & 
Marchand precipitated a crystalline powder, which, after being dissolved in hot water, 
separated out m small broad nacreous ci y.stnls, containing 20*6." p.c. G, 2*743.1, and 
30*49KO : therefore = 2K0,3C 1 0 :i + 9Aq. '[or perhaps = €'TC'O s ,C H XIKO« -1- 12Aq.] 

Acid Meditate of Potash with A it rate of Potash .—• Formerly mistaken for 
the pure acid potash-salt. — Nitric acid is added to a saturated aqueous solu¬ 
tion of the neutral or acid potash-salt, till a granular precipitate begins 
to appear, the mixture then heated till the precipitate dissolves, and left 
to cool slowly. Irregular six-sided prisms, bevelled with two faces 
resting on two lateral edges (nearly the same as Fly. 65). Of sour taste. 
The crystals give off 7 p. c. (6 At.) water at 150°, and when more 
strongly heated, are suddenly converted, with very strong intumescence, 
into a carbonaceous mass, exhibiting at the same time a glimmering light, 
visible even when excess of air is prevented. With sulphuric acid, they 
give off nitric acid. They are but very sparingly soluble in water. 
(Wohler.) 
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32 C . 

Crystallized 
. 192 .... 

25*13 

Wohler. 
. 25*20 

10 II . 

. 10 .... 

1*31 .. 

.. .. 1*33 

5 KO . 

. 236 .... 

30*89 .. 

. 30*40 

NO 5 . 

. 54 .... 

7*07 


34 0 . 

. 272 .... 

35-GO 


4(C s HKO s ) + KO,NO s + GArj. 761 .... 

100*00 



Mellitate of Soda. — a. With 8 At. Water. — Separates from the warm 
concentrated aqueous solution in needles, which, at 100°, give off 22*6 
p. c. (nearly Q At.) water, and at 180°, 32*81 p. c. (8 At.) altogether. 

(3. With 12 At. Water . — Crystallizes from the cold saturated solution 
by spontaneous evaporation, in large, deeply striated crystals belonging 
to the doubly oblique prismatic system, which, at 160 J , give off 38*88 
p. c. (12 At.) water, and leave a residue containing 38*68 p. c. soda. 
(Erdmann & Marchand.) 

Mellitate of Baryta. — Mellitic acid mixed with baryta-water or 
acetate of baryta, immediately forms a white precipitate; with chloride 
of barium, after a while, it forms transparent delicate needles ; the pro- 
cipitate and the crystals are soluble in hydrochloric and in nitric acid. 
(Klaproth.) — In rather strong solutions, mellitate of ammonia forms 
with baryta-salts a gelatinous precipitate, which aggregates in crystal¬ 
line scales; in very dilute solutions it forms slender needles. The salt, 
after drying in the air, presents the appearance of a laminated mass, 
having an almost silvery lustre; at 100° it gives off merely hygroscopic 
water, but at 330° it yields 6*56 p. c. (2 At.) — Sometimes it contains a 
small portion of acid salt. (Schwarz.) — The salt obtained by precipita¬ 
tion with mellitate of ammonia, contains a small quantity of ammonia, 
is difficult to dry, and contains after drying, 53*1 p. c. baryta. (Erdmann 
& Marchand.) 

Dried at 330°. Schwarz. 

S C . . . 48 0 . 10*20 .. .. 19*26 

2 BaO .. ...153 2 .... 03*48 .. 60*80 

GO. 48*0 . 19*2G 19*94 

C 8 BaW . 219*2 100*00 . 100*00 

Mellitate of Strontia . — The white precipitate which mellitic acid 
produces in strontia-water, is soluble in hydrochloric acid. (Klaproth.) 

Mellitate of Lime. — The free acid forms with lime-water, white 
flakes soluble in hydrochloric acid (Klaproth); with an aqueous solution 
of gypsum it forms crystalline grains. (Vaucpiclin.) Mellitate of ammo¬ 
nia forms with chloride of calcium, large white flakes, which dry up to 
a loose, white mass, consisting of silky needles still containing more 
than 21 p. c. water. (Wohler.) This precipitate, after drying in the air, 
contains, besides 0*38 p. c. ammonia, 33 p. c. water, which escapes very 
slowly at 130°; the residue contains 38*83 p. c. lime. 

IT Mellitate of Magnesia .— a. With 12 At. Water. — When a warm 
aqueous solution of mellitic acid is neutralized with carbonate of mag¬ 
nesia, the salt separates in the amorphous state in the form of clear oily 
drops, which become turbid on cooling, and solidify in the crystalline 
state on exposure to the air. 
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The salt gives off 8 At. water at 150°, and tlie whole at 180°. It 
dissolves but sparingly in water. (Karmrodt.) 


Crystallized . Karmrodt. 

2 MgO.40 ... 30*40 ... 17*53 

C 8 G'>. VO . 39*34 40*17 

12 HO. 108 . . 44*20 . 41*75 


C 8 Mg 2 0 8 + 12Aq. 241 .... 100*00 . 99*45 


/3 With 14 At. Water. — Alcohol added to the aqueous solution of the 
salt a, renders it turbid, and after a few hours deposits small four-sided 
prisms. If too much alcohol bo added; the solution remains milky for a 
week. (Karmrodt.) 

Crystallized. Karmrodt. 

2 MgO . 40 ... 15*25 . 15*43 

C 8 0 6 96 . . 36*04 

14 HO 126 . 48*10 . . . 48*00 

C s Mg 2 G 8 + 14Aq. 262 ... 100*00 «[f 

1fellitate of Alumina. — a. Honeystone occurs in honey-yellow trans¬ 
parent crystals, of sp. gr. I’d, and belonging* to the square prismatic 
system. (Fig. 23, 29, 32); <?:<?'.= 11 8° 4'; ; <2''=93° 22"; = 5S'; 

they e.xhibit strong double refraction. (Hauy.) When heated, it first 
becomes white and gives off 44 1 p. c. water, which escapes slowly at 
about the boiling point of oil of vitriol (Wohler), then black by carboni¬ 
zation, and finally white by complete decomposition of the acid. (Klap¬ 
roth.) When subjected to dry distillation, it yields, in addition to a 
mixture of 1 vol. hydrogen [carbonic oxide, inasmuch as it burns with a 
blue flame], and 4 vol. carbonic acid gas, 3S p. c. of slightly acid aromatic 
water, 1 p. c. aromatic oil (proceeding from admixed resin; Wohley •), 
3 p. c. charcoal, 14*5 p. c. alumina, 1*2 p. c. silica, and 1 p. c. ferric 
oxide. (Klaproth.) — Honeystone thrown on melted nitre, exhibits a 
faint glow. It dissolves, with decomposition, in dilute nitric, sulphuric, 
or hydrochloric acid, hut not in acetic acid; gives up its mcllitic acid to 
boiling water, also to ammonia and carbonate of soda. (Klaproth.) Water 
boiled for some time with the mineral, extracts only part of the acid, 
together with a small quantity of alumina, so that an acid salt is formed, 
and a basic salt remains behind; aqueous melliiic acid likewise dissolves 
a large quantity of pounded honeystone. Carbonate of ammonia extracts 
the greater portion of the acid, even from cutire crystals; hut a small 
quantity of acid and ammonia remains with the alumina, so that its solu¬ 
tion in nitric acid yields, on evaporation, crystals (Fig. 29 & 32,) of rege¬ 
nerated honeystone. (Wohler.) A honeystone from Walcliow, contain¬ 
ing a much larger proportion of alumina, is described by Dnflos. (J. pr. 
C’hem . 38, 323.) 

Honeystone. "Wohler. Klaproth. 


2 A1 2 0 3 . 102*8 .. 14.38 14*5 .. . 34*5 

3 C 8 0 G . 288*0 .... 40*29 41*4 . 46*0 

36 HO. 324*0 .... 43*33 44*1 . . 38*0 

Fe 2 0 3 &Si0 2 . .. .... . ... 1*3 

Fe 2 Q 3 &resin . .... trace 


99*8 


C 2 *A1*0 21 + 36Aq. 714*8 .... 100*0 
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6. Mellitato of potash added to an aqueous solution of alum, throws 
down a largo quantity of white hakes (Vauquclin); a white crystalline 
powder, containing only Q m 5 p. c. alumina and 48’Q p. c, water; probably 
therefore an acid salt. (Wdiler.) 

*5* Mellitate of Manganese. Obtained by saturating mollitic acid with 
carbonate of manganese. On beating the liquid, a white powder is pre¬ 
cipitated, winch, when examined by the microscope, is seen to consist of 
needles united in tufts. This salt is more soluble in cold than in hot 
water; the latter dissolves only of it. (Karmrodt.) 

Cry si a 11 iictl. Karmro dt. 

2 MnO. 7 2 . . 20*09 . 25*75 

C«0<> . . 90 . . 3178 

12 IIO , . . 108 . . 39*13 40*01 

C B Mn , 0« + 12Aq. 276 ... 100*00 

Mellitate of Zinc. — a. With 10 At, Water . — Obtained by neutra¬ 
lizing aqueous niellitic acid with carbonate of zinc ; it then separates as a 
crystalline powder, consisting of regular four-sided prisms. Begins to 
give oft water at 205 3 . Cold water dissolves it pretty readily, but the 
salt separates out again when the solution is heated to 55° — 00°. Dis¬ 
solves readily in dilute acids, even in niellitic acid. (Karmrodt.) 


Ct ystalilryd. Km mrodt. 

2 ZnO . ... 80 . 80 08 ... 30*00 29*2-1 

C 8 0«. 90 30*09 . 36*02 .. 37*55 

!Q - . ■ 90 33*83 . 33*67 .. 33*66 

C R Zn 2 G s +10Arp ... 266 , . 100*00 .. 99*69 ... 100*45 


/3. With 6 At. Water .—Separates on adding alcohol to the aqueous 
solution of a , in curdy flakes, which under the microscope, appear like a 
confused mass of fine needles. Gives oft* all its water at 160°. Much 
more soluble in water than a. (Karmrodt.) 

Crystallized. 

2 ZnO . 80 .. 34*78 

W . 96 . . 41*74 

5 HO . 54 ... 23*48 

C*Zn 2 O s +6Aq4.., 230 ...100*00 . 100*17 .7 99*17 «[[” 

. MAlitaie of Lead . — Mollitic acid and mellitate of ammonia form 
with acetate and nitrate of lead, a bulky white precipitate, which, when 
washed on a filter, shrinks up to a heavy granular powder, insoluble in 
water, but soluble in nitric acid. (Klaproth, Vauquclin, Wohler.) 

■ u\ e me JJ ltate of ammonia be not dropped into excess of the lead-salt, but the ammo- 
ma salt be allowed to predominate* the precipitate contains ammonia. (Schwarz.) 

Dried at 180°. Erdmann & Marchand, 

.... 224 .... 70 . . 69*74 

. 48 .... 13 14*57 

. . 0*26 

. 48 ... 13 . .. 15*43 


2 PbO . 

SC . 

I-I . 

6 O . 


Karmrodt. 
36*12 .... 35*98 
41*70 .... 41*62 

22*35 . .. 21*57 


e R Pb-o R 


320 .... 100 . .. . 100*00 
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Dried at 100°. 


Erd. & 
Marcliand. 

. 07 5 ... 


AY oilier. 
. 67*03 


2 PbO . 224 .. 00*28 . 07 5 . 67*03 

8 C . 48 14 20 . 

2 H . 2 . . 0*59 . 0*5 

8 O . 04 . 18*95 . 

C s Pb* J O s + 2Aq. . 338 . . 100*00 

Ferrous Mellilak, — 2Fc0,C 8 Fe 2 0 8 4- 6H0. — Mellitato of ammo¬ 
nia forms with ferrous sulphate a greenish white precipitate, which dis¬ 
appears on heating the liquid; but on boiling, there is produced a lemon- 
yellow precipitate of basic ferrous incllitate, which assumes a light olive- ■ 
green colour when dry; and consists of microscopic crystals, having the 
foim of cubo-octohedrons. The salt gives off all its water at 190°. It 
is sparingly soluble in water, but dissolves readily in dilute hydro¬ 
chloric acid. 

Crystallized. Karmrodt. 


4 FeO .... 

144 

,. 49*00 .. 

. .. 48*80 

C 9 0 6 

96 

32*63 

32*51 

6 HO 

54 

. 18*35 

18*49 

2FeO,C s Fe 2 O s + 6Aq. . . 

, 294 

100*00 

. 99-80 


Ferric Mcllitate . — The free acid added to a solution of ferric nitrate 
throws down a cream-coloured powder soluble in hydrochloric acid. 
(Klaproth.) 

5F Mellitabe of Cobalt —Separates on neutralizing a warm solution 
of the acid with carbonate of cohalt, as a brown glutinous mass, which, 
on cooling, solidifies in a single lump, or if it bo stirred with a glass rod 
during the cooling, settles down in the form of a granular crystalline 
powder (a). Cold water dissolves only -jyF-- this salt; hot water a 
much larger quantity; and the hot solution, as it cools, deposits the salt 
in the form of a pale reddish powder (6), which, under the microscope, 
appears to consist of short rhombic prisms. (Karmrodt.) 


Crystallized. 


2 CoO 
C»0* 
12 HO 


C s Co 2 O a 4-12 Aq. 


Karmrodt. 

a. 1. 

.. 27*00 .... 25*75 . ,, 26*33 
38*41 . 39*22 .. 38*40 


Mellitate of Nickel. — a. With 16 At. Water .—A warm solution of 
mcllitie acid saturated with carbonate of nickel, deposits a grass-green, 
semifluid mass, which, on cooling, becomes turbid and more compact, 
and may be washed by kneading between the fingers under water. The 
salt becomes hard and glossy by exposure to the air, assuming exactly 
the appearance of chrysoprase. Gives off 8 At. water at 100°, and 6 
At. more at 180°, the last 2 At. going off at 300°. Dissolves slowly in 
water, readily in hydrochloric and nitric acid. (Karmrodt.) 


Air-dried. 


2 NiO ... 
C 8 0 6 J.. 
16 HO 


Karmrodt. 

.. 23*95 .. 23*64" 


46*16 46*24 


C 8 Ni"O s + 16Aq. 315 
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ft, With 6 A t Water. — The liquid from which the preceding salt has 
"been deposited, yields by evaporation delicate rhombic prisms, with two 
dihedral summits; dissolves in water much more readily than a. 


(Karmrodt.) 

Crystallized. 


Kamrodt. 

2 NiO . 

. 75 .. 33*33 . 

... 32*05 .. 

.. 32*27 .... 33*01 ' 

C 8 0 6 . 

. .. . 96 42*67 



6 HO. 

.... 54 24*00 . . . 

.. 24*43 . 

.. 24*69 . . 24*11 


C 8 Ni 2 0 8 + 6Aq. 223 . 100 00 


Cupric Mdlitate. — a. Neutral .— 1. Obtained by mixing the boiling 
solutions of mellitic acid and cupric acetate, in the form of flakes, which 
during washing lose a portion of their acid, and become crystalline and 
neutral. (Erdmann & Marchand.) 

2. Neutral meditate of ammonia forms with cupric sulphate, a bulky 
pale blue precipitate, which shrinks in washing to a light blue crystalline 
powder; it contains 20 p. c. water. (Wohler.) The precipitate obtained 
with meditate of ammonia or potash retains small quantities of tho 
alkali. (Erdmann & Marchand ) 

Prepared b, (1); air-dried. Erdm. & March. 


8 C . 

48 . 

19*35 ... 

.. . 19*42 

8 H 

8 . 

... 3*23 

.. 3*23 

2 CuO . . . 

80 . 

32 26 . 

32 48 

14 O. 

112 

45*16 . 

44*87 

C 8 Cu 2 0 8 + SAq. 

. . 218 . 

.. 100*00 . . 

100*00 


IF When this salt is subjected to dry distillation, water passes over, 
and an oily and a crystalline body volatilize; these may be separated by 
distillation with water, the oil then passing over first, and the solid body 
separating from the residual liquid in yellowish white crystalline flakes, 
-which, from an analysis made with a very small quantity of substance, 
appeared to contain 75*1 p. c. carbon, and 3*3 hydrogen, corresponding 
to the formula C^LPO 1 ’. (Erdmann.) *17• 

b. Acid. — Free mellitic acid forms with cupric acetate (but not with 
the liydrochloratc,) a precipitate of the colour of verdigris. (Klaproth.) 
It forms with cupric acetate a thick light-blue precipitate, which changes 
to crystals when left for several days in the liquid. The crystals, after 
drying at 100 3 , do not give oft' any more water till they are heated 
enough to blacken and decompose them. (Liebig & Pelonze.) They are 
blue crystals which give off three-fourths of their water at 100°, but do 
not part with the last fourth completely, even at 230°. (Schwarz.) — 
The thick blue jelly obtained by cold precipitation of cupric acetate with 
mellitic acid in concentrated solution, becomes filled, after remaining for 
some time in the liquid, with crystalline points, which grow into small, 
transparent, dark blue crystals; if the jelly be pressed immediately after 
precipitation, a white mass is obtained, which, on drying, becomes bluo 
and crystalline. (Erdmann k Marchand.) 

Calculation, according to Gm. 

16 C 96 ... 20*64 

17 H. 17 3*63 

3 CuO. .. ... 120 .. 25*81 

29 O .. . . 232 . 49*90 

C 8 Cu 2 0 8 ,C s HCu0 s +16Aq .... 4C5 .... 100*00 
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Calculation, according to Erdm. & March. 

12 C .72 . 21*69 

12 H . 12 . 3-61 

2 CuO . 80 ... 21*10 

21 0.. . . .108 . 50-60 

2 Cu0,3C‘*0» +12Aq. . 332 100*00 .. 100*00 

Gupro-mellitate of Ammonia . — The dark blue solution of neutral 
cupric niellitate in ammonia, yields on evaporation, dark blue rliombo- 
liedral crystals, which, turn green and give off ammonia when exposed to 
the air. (Wohler.) 

Ammonio-cupric Melliiate. — a. With a comparatively large propor¬ 
tion of mellitate of ammonia. — Dark blue crystals permanent in the air. 
(Wohler.) [Pei haps = C 8 NH l Cu0 8 + ^Aq.] 

b. With a smaller proportion, — The precipitate which mellitate of 
ammonia forms with cupric sulphate. Sky-blue microscopic crystals 
which at 120° slowly give off 27*3 p. c. water, with a trace of ammonia, 
and assume a greenish bluo colour. 


Air-dryed Crystals . Erdm. & March. 


16 C. 

96 

. 19*92 .. , 

, .. 19*53 

N .. . . . 

14 

2 90 . 

3 01 

20 H. 

20 . 

4*15 

. 4 35 

3 CuO 

120 

. 21*90 

.. 23*20 

29 O . . 

. 232 

48*13 

. 49 88 

C 8 Cu s O a ,C 8 NH»CuO fl + IGAq. . 

. 482 

, 100*00 ... 

... 100 00 


Erdm. & March. 
air-d)icd crystals. 
. . 21*06 
.. 3*59 

25*51 
.. 49*8-1 


According to Erdmann & Marchand, the formula of the salt is Nri , 0,C 1 0 !1 + 
3(Cu0,C‘0 3 ,ll0) + 15Aq. 

The filtrate obtained in precipitating cupric sulphate with mellitate of ammonia, 
deposits, on addition of ammonia, a light green basic salt , which, in the air-dried state, 
contains 8*45 p. c. C, 0’74N, 2*3114, 54‘09CaO, 9*05SO 3 and 25*330. (Erdmann & 
Marchand.) 

Mellitates of Mercury. — Mellitio acid forms with mercurous and 
also with mercuric nitrate, a white precipitate soluble iu nitric acid. 
(Klaproth.) 

IT Mercurous Mellitate. — Mercurous nitrate forms with free mellitio 
acid and alkaline mellitates, a very fme-grained, white precipitate, nearly 
insoluble in water, but readily soluble in nitric acid. Gives off its water, 
amounting to G*o9 p. e. (4 At) at 190°. (Karmrodt ) 

Dried, at 100 °. Karmrodt. 

2 Hg 2 0 . 416 ., 75 92 .... 76*56 

CW. 96 . 17*52 .. . 

4 HO . . . . . 36 . . 6*56 . . 6*59 


C 8 Hg 4 O s + 4Aq. 548 .... 100 00 

Mercuric Mellitate. — Mellitic acid and mercuric oxide, triturated 
together with a small quantity of water, and gently warmed, unite into 
a white granular mass. Alkaline mellitates and even free mellitic acid 
added to a solution of mercuric nitrate, throw down bulky white pre- 
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cipifcate, which, after drying, forms Lard, heavy lumps, soluble in Lot 
strong nitric acid, and not reprecipitated therefrom by ammonia. The 
salt gives off its water, amounting to 10* G7 p. c. (4 At.) at 200°. 
(Karmrodt.) 

Dried at 100°. Karmrodt. 

2 IlgO . 216 . 62-08 . 61*50 

G s G fi .... . 96 . 2” 59 . 

4 HO ... 36 . 10-33 . 10 37 


C s Hg-OV4Aq. 3 IS 100-00 IT 

Ifellitate of Silver. — 1. Obtained by precipitating nitrate or acetate 
of silver ‘with mellitic acid. (Vauqueliri, Wohler, Erdmann & Mar- 
chand.) — 2. By precipitating an excess of nitrate of silver with mellitato 
of ammonia, dropping the hitter solution into the former (Schwarz.) 
Without this precaution, the precipitate, as Erdmann & Marchand found, 
retains a small quantity of ammonia and water, and assumes a violet- 
brown colour when heated. (Schwarz.) — The precipitate is silky, and 
imparts to the liquid the appearance of soapy water. (Vauquelin.) After 
drying, it forms a white powder (Wblilcr); a shining scaly powder, 
which, under tlie microscope, appears to consist of transparent, colour¬ 
less, square tables, often with truncated summits (Erdmann & Mar¬ 
chand)] does not blacken when exposed to light (Liebig & Polouze), 
remains white even at 200°. (Schwarz.) The mellitic acid may bo 
reproduced by the action of hydrosnlphuric or hjMrochloric acid, even 
from the salt dried at 180k (Liebig & Pelouze.) At a higher temperature, 
the salt deflagrates, and leaves metallic silver (Wohler)] the decomposition 
is not attended with electric excitement. (Erdmann & Marchand.) 
The residue consists of tumefied carboniferous silver. (Liebig 8i Pelouze.) 
In a stream of hydrogen at 100'k the salt quickly blackens, with forma¬ 
tion of water, and a loss of weight corresponding to half the oxygen of 
the oxide of silver] the residue dissolves in water, forming a dark brown- 
yellow, very acid liquid, which quickly changes, with deposition of 
silver specula, into a solution of mellitato of silver in free mellitic acid. 
Hence the hydrogen produces mellitato of suboxide of silver. (Wohler, 
An?i. Pharm. SO] also Poyej. 46, G29.) The salt dried at LSO and heated 
with iodine, yields iodide of silver, and a white crystalline sublimate, 
which has a rough, sour taste, reddens litmus strongly, dissolves readily 
in water, and is perhaps a compound of 00* with iodine. (Liebig & 
Pelouze.) 

Liebig & Pelouze. Erdmann & March ami. 

a. L c. d. 

8 C . .. 48 3 1*63 .... 11*73 .. 11-53 ... 3 1*55 ... 14 37 

2Ag. ... 216 .. 65*86 .. 65*71 ... ,. 65*90 

SO Cl 19*51 .. 19 56 .. 

H • • . . . 0*02 , 0*10 . 0*13 


C s Ag 2 O s . 328 ... 100*00 100 00 

a was dried in vacuo at 180° [as it blackened during drying, it appears to have 
contained ammonia].—* is the salt prepared by (1), dried m vacuo at 130°.—c. is a salt 
containing ammonia, dried in vacuo at 100°.— d, the same, dried in the air at 100°. 

Ifellitate of Silver and Potassium. — A mixture of nitrate of silver 
with mellitute of potash containing nitric acid, yields no precipitate, but 
after a while deposits small trans 2 >arent prisms having a strong lustre 
(I'VJ. ?0) vJ : u = 121° 30'; u' : t = 119° 1.V [15' 11 flic crystal,', when 
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heated, first become opaque from loss of water, and tlien suddenly swell 
lip with a kind of explosion; forming a long, involved mass, consisting of 
silver and carbonate of potash. (Wohler.) 

If Mellitaie of Palladium. — Protoxide of palladium, obtained by 
precipitating the protockloride with carbonate of soda at a boiling heat, 
neutralizes mcllitic acid completely. The brown liquid deposits no crys¬ 
tals, even when evaporated to a syrup, but on evaporation to dryness, 
leaves a brown amorphous residue of meditate of palladium. (Karmrodt.) 

Mdlilate of Palladium with Ammonia, — Meditate of palladium 
dissolves in ammonia, forming a colourless liquid, which, on evaporation, 
deposits colourless rhombic prisms often macled in twos and threes. The 
salt gives off all its water (4 At ) at 150°, together with a small quantity 
of ammonia. (Karmrodt.) 


Crystalliz'd. Karmrodt. 


4 NH« . 

GS-0 

21-CS . 



2 PdO 

122-G 

, 38*00 

. . 37*90 

37-S2 

c«o . . 

96*0 

29*76 



4 HO 

36*0 

11*16 

12*72 

12*32 

4IN U 3 ,C h IM-’ 0 8 -I- 4 Aq 

322'(3 

100 00 




Dry protocliloiiJe of palladium dissolves readily m concentrated melhllc acid, form¬ 
ing a bto^n solution. Ammonia added to tins solution throws down a precipitate of 
piotocliloudo of palladium vutli ammonia, which d -.solves readily, With the aid of heat, 
m a s'ighl excess of ammonia ; and the solution when ev rpoiuted deposits pointed 
msUK which, when dued at 100°, give o'X 7 505 p. c. waiter, and yield by ignition 
32 91 }). c. metallic palladium. (Kamnodt.) 

Mtllilale of Palladium and Potassium. — Crystallizes from the mix¬ 
ture of the two salts, evaporated to a syrup, in indistinct prisms united 
in nodules. Deliquesces in the air. (Karmrodt,) 

Alellitat « of Palladium and Sodium. — Prepared like the potassium- 
salt. Crystallizes in macled triangular pyramids; containing 34 p. c. 
pa 11 ad i am. (Karmrodt.) 

A solution of mclhiic acid and urea in equal numbeis of atoms yielded no crystals 
w hen evaporated to a <ayi up. Alcohol produced no change in the solution. (Karmrodt.) 

Mcllitic acid dissolves readily in alcohol. (Wohler.) 


Conjugated Compound of Mellitie Acid . 

Vinomellitic Acid ? 

TLe probable existence of this acid is established by the following 
experiments: 

When a solution of mcllitic acid in absolute alcohol has been boiled 
for several hours, it no longer yields crystals on cooling; but when 
evaporated to a syrupy consistence, assumes a dark brown colour, and 
afterwards solidifies, on cooling, in a solid, transparent, gummy mass, 
which, like resin, docs not absorb water. Nevertheless, when kept under 
water for some hours, it becomes white and opaque on the surface, and 
after 24 hours, through and through, the water at the same time becoming 
sour and milky. The undissolved portion, after washing with cold and 
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liot water, in which it dissolves to a small extent, forms a white, tasteless, 
easily fusible powder, which solidifies in a radiated mass on cooling, 
burns with a smoky flame like resin, and, when heated in a glass tube, 
yields a residue of charcoal, hut no sublimate. It dissolves sparingly in 
hot water, readily in alcohol; the alcoholic solution reddens litmus, and 
yields a milky precipitate with water. It dissolves readily in ammonia, 
forming a solution which yields white flakes with hydroeholoric acid; 
and, after the excess of ammonia has evaporated, has a bitter taste and 
acid reaction, and ultimately leaves a crystalline substance, which gives 
off ammonia when treated with potash. (Wohler.) 

When mellitic acid, containing a small quantity of sulphuric acid, is 
boiled for some time with absolute alcohol, in a flask provided with a 
long glass tube, which is kept cold, so that the alcohol as it evaporates 
may flow back again; then mixed with baryta-water, and exposed to the 
air till the excess of baryta is precipitated as carbonate; afterwards 
filtered from the precipitate of carbonate, sulphate, and meditate of 
baryta, and evaporated in vacuo over oil of vitriol: it lea\es a gummy 
mass, probably consisting of vinomellitate of barj*ta. This mass contains 
86*57 p. c. BaO, 2*58 H, and about 84*02 C. It is free from sulphur. 
When burnt in the air, it leaves a mixture of carbonate of baryta and 
incombustible charcoal. It moves about on water like butyrate of 
baryta, and dissolves completely, but after being heated to 1U0 J , leaves, 
when dissolved in water, a residue of carbonate of baryta. (Erdmann & 
March and ) 

Schwarz did not succeed in his attempts to prepare a meditate of ethyl or of 
methyl. 


f Pyromellitic Acid. 


0. L. Erdmaxj?. J. pr. Client. 52,432; al>sir. Ann. Pharra. SO, 2Sl; 
Pharm. Ccntr . 1851, 313; Laur. & Gerh. cornet, rencl. 1851, 93; 
JahreJjer , 1S51, 386. 


Formation and Preparation. —By the dry distillation of mellitic acid 
and its salts (p. 3); also by distilling mellifcates with oil of vitriol. 
The best mode of obtaining it pure is to decompose the soda-salt purified 
by recrystallization from dilute alcohol, with nitric or hydrochloric acid. 


Properties. Crystallizes from a hot saturated aqueous solution in 
tables belonging to the doubly oblique prismatic (triclinometric) system. 
The solution has a strong acid taste and reaction. The crystallized acid 
gives off from 12*3 to 12*5 p. c. water between 100' and 120U 



Dried ct 120°. 


Or: 

5 C. 

.. 30 .. . 

47*6 

10 C 

H 

1 

1*6 

3 H 

4 O 

32 . 

50*8 

8 O 


Erdmann. 

60 . 47-2 .. . 4 7*3 .... 47*8 

3 . 2*4 .... 2*3 . . 2*4 

64 . 50*4 50*4 . 49*S 


C 5 H0 4 .. 

. 63 . . 100-0 

CW... 127 .. 

100*0 .... 

... 100*0 .... 100*0 


Crystallized . 

Or: 


Erdmann. 

OHO 4 .. 

. 63 ... 87*5 

C 1U H 3 0 3 .. 127 

... 87*6 


HO . 

. 9 . 12*5 

2HO ... IS 

... 12*4 . 

... 12*3 . . 12*5- 


C 5 H0 4 4-Aq 72 .... 100*0 


C 10 H 3 G s + 2Aq 145 .... 100*0 



PYROMELLITIC ACID. 
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[The percentages deduced from the two formulae C 5 H0 4 and C i0 H 3 Q 8 agree too 
closely to enable us to decide between the two. According to the formula C 5 H0 4 , the 
formation of pvromellitic from mellitie acid may be represented by the equation : 

C s H-0 8 = C 5 H0 4 + HO + CO- + CO + C. 


According to the formula C 10 H 3 O s it may be : 

2C s H 2 O s *= C 10 H 3 O s + HO + 3CO- + CO + 2C.] 

Decompositions. The acid, when somewhat strongly heated, melts 
and sublimes with partial decomposition. The fused acid heated in the 
air, takes fire and burns with a luminous smoky flame. 

Combinations. One part of pyromellitic acid, dried at 120°, dissolves 
in 70*42 parts of water at 16". The acid likewise dissolves without 
decomposition in oil of vitriol, hydrochloric acid, and nitric acid, at a 
boiling heat. 

The Py Cornell it ates of ammonia, potash and soda, are erystallizable, 
and dissolve readily in water, but are insoluble in strong alcohol. The 
solutions of the ammonia and soda salts form with chloride of barium, 
a white precipitate, with chloride of calcium, a white crystalline precipi¬ 
tate, slowly at ordinary temperatures, immediately on heating; with cupric 
sulphate, a greeni&li pulverulent precipitate if the solutions are strong; 
but when dilute solutions are used, small green crystals, in the cold, and 
a crystalline precipitate if heat be applied; with neutral acetate of lead 
and nitrate of silver, white crystalline precipitates. The aqueous solution 
of pyromellitic acid forms a white precipitate with acetate of lead, but 
no precipitate with any other salt. 


Pyromellitate of Lime. 2C 5 Ca0 4 + 5Aq, or C 10 HCa 2 O 8 + 5Aq. Crys¬ 
talline. The air-dried salt gives off 24 6 p. c. water at 120° to 130°; 
the dried salt yields 33*92 p. c. lime. 


Pyromellitate of Lead. — Obtained by precipitating neutral acetate 
of lead with pyromellitic acid or pyromellitflte of ammonia or soda. 
White crystalline precipitate. 


Or: 


Dril l at 120°, 


10 c . . 


60 

17*6 

H 


1 

. 0-3 

7 O 


56 

16-4 

2 PbO 


224 

65*7 

2C*Pb0 4 + Aq. 

341 

100-0 




Erdmann. 
e. b. 

10C .. . 

60 

17 5 

17*6 ... 

2 H. 

2 

0*6 .. 

0*5 ... 

7 0... 

. 56 

.. 16*4 . . 


2 PbO. 

224 

.. 65*5 ... 

65*2 .... 64*8 

C 10 HPb 2 O 6 + Aq. 

342 . 

. 100*0 



a was prepared by precipitation with the free acid ; b with the soda or ammonia- 
salt. 

Pyromellitate of Silver. — Obtained by precipitating nitrate of silver 
"with pyromellitate of ammonia or soda. — Crystalline. 
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Erdmann (mean) 

5 C .... 30 .... 17*7 IOC .. 60 17*6 . .. 17*8 

H . 1 0*3 ... 0*3 

3 O . 24 . 14*1 6 0 4S 14-1 . 

AgO 116 . 63*2 2 AgO . 232 68*0 . 07*9 

C 5 Ag0 4 170 ... 100*0 C 10 HAg e O s 341 100*0 

Pyromellitic acid dissolves readily in Alcohol . (Erdmann.) 


h. Kltrogen-nacleus. C s NH0 2 . 

Paramide. c s NH0 4 =C 5 NH0 a ,0 a . 

'Wohler. (IS41). Pogg. 52, 605; also Ann. Pharm . 37, 2GS. 

II. Schwarz. Ann. Pharm . 6G, 52. 

Par amid, JDimellimide. 

Formation. By tlie action of beat cn mellitate of ammonia (p. 3)* 

Prepara*ion. Neutral mellitate of ammonia in the state of fine 
powder is heated to 150° — ICO' for some hours, with brisk agitation, in a 
porcelain basin pdaeed in an oil-lath, till it no longer gives off the odour 
of ammonia; the pale yellow powder stirred up with cold water, washed 
therewith on the filter till the water no longer acquires any acid reaction, 
and consequently no longer extracts euchroate of ammonia; and the un¬ 
dissolved matter dried. (Wohler.) — The quantity of paramide obtained 
is greater, the more strongly the mellitate of ammonia has been heated, 
and it is diminished by washing with water at 50°, instead of cold water. 
(Schwarz.) — If. however, the heat he too strong, the paramide becomes 
contaminated with the yellcw bitter substance, which likewise sublimes 
in the decomposition of paramide by heat, and is difficult to separate. 
(Wohler.) 

Properties. White, rather closely aggregated, inodorous, tasteless 
mass, which turns yellowish in the air by absorption of ammonia, and 
when triturated with water, acquires the odour and consistence of damp 


clay. (W 7 older.) 

VT older. Schwarz. 

SC .. 43 .. 30*53 . . 51*17 . 50*01 

X 14 14*74 . 13*47 

H . ... 1 1*03 1*65 1*52 

4 0 32 3-1*67 35*00 

CCsliG 4 23 lOC'tO 103 33 


[ParamUe is not an amidegen-compound, Lot contains nitrogen as such; for its 
formation is attended with the evolution not of tv.o, hat of four atoais of water to 1 At. 
ammonia.] 

Decompositions . 1 . Paramide remains unaltered at 200°, hut at a 

higher temperature becomes carbonized, and gives off ammonia, with 
sublimation of a bluish-green semlfused substance, and sulphur-yellow* 
very bitter needles. (Wohler.) — Dissolved in dilute potash it decomposes, 
gradually at ordinary temperatures, instantly when heated, with evolution 
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of ammonia, and then no longer yields a precipitate with hydrochloric 
acid, the paramide being in fact converted into euehroic acid, which 
may be recognized by the blue deposit which it forms on zinc, and 
afterwards into mellitie acid. The solution of paramide in aqueous 
ammonia behaves in a similar manner, excepting that part of the eucbro- 
ate of ammonia formed from it remains unaltered. (Wohler.) — Con¬ 
version of paramide into euehroic acid : 

3C S NH0 4 + 4HO = C- 4 N 2 H 4 0 1G 4- NH* 


Transformation of euehroic into mellitie acid : 

,C :t K 2 H 4 O ir ’ + 8HO = 3C s H : O s + 2XHh 

3. Paramide boiled for several days with a large quantity of water, 
dissolves completely, forming acid meditate of ammonia and a small 
quantity of euchroate; heated with water in a sealed glass tube, it is 
completely converted into acid euebroate of ammonia (Wohler): 

C s NH0 4 -r 4HO = NH'bCTi-O s . 

4. Paramide boiled vith aqueous acetate of lead is also completely 
converted into mellitate of lead and acetate of ammonia. (Wohler, 
Ann. Pharm. 66, 53.) Nitric acid and aqua-regia neither decompose 
nor dissolve paramide. (Wohler ) 

Combinations . Paramide is not soluble in water or in alcohol. 
(Wohler.) 

It dissolves in hot oil of vitriol , whence it is precipitated in its 
original state by water. 

In aqueous potash or ammonia , it swells up into a yellow flocculent 
mass; dissolves on addition of water; and, by gradual addition of hydro¬ 
chloric acid before decomposition (supra) has commenced, may be pre 
cipitated unaltered in the form of a white powder, with milky turbiditv. 
(Wohler.) * ' ^ 

Silver-compound* When paramide in excess is shaken up with 
very dilute ammonia, and the liquid quickly filtered and mixed with 
nitrate of silver, a voluminous, gummy precipitate is obtained, drying 
after washing, into yellow lumps, which assume a pure yellow colour 
at 150, become brown and give off ammonia at 200 3 , blacken and evolve 
hydrocyanic acid at a higher temperature, and finally leave a residue of 
metallic silver.—The compound heated to 200° appears to be C 8 NAg0 4 ; 
after beating to 150 D , NH 3 ,C s NAg0 4 . (Laurent, A T . Ann. Qhim. Pfujs. 
23, 121.) 


Calculation , 

according to Laurent. 

W oiler. 
At 200°. 

8 C 

48 

23-76 


N 

14 

6-03 



. 10S 

. 53*47 

52-71 

4 O 

32 

15*84 


C 8 NAg0 4 

202 

100*00 


Calculation, according to Laurent. 

Wohler, 
At 130°. 

8 C 

48 

21-92 

. .. 22*74 

2 N 

. 28 

12*70 


3 H . 

3 

1-37 . 

. 0*82 

Ag 

, . 108 

40*31 

. 51*22 

4 O 

32 

14-61 


NH 3 ,C s NAgQ 4 

210 

100*00 
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MELLITENE: NITROGEN-NUCLEUS ONHO-. 


[A closer agreement between calculation and analysis might be obtained by supposing 
that the yellow compound has already lost some of its ammonia at 150°, and that the 
brown compound still retains a portion of ammonia at 200°, whence also it gives off 
hydrocyanic add at a higher temperatme.] 


Euckroic Acid. C £1 N 3 H 4 O w =C M A(I 2 O 10 ,O fi . 

Wohler (1841). Fogg. 52, 610; also Ann. Fharm. 37. 273. 
Pt. Schwarz. Ann. Fharm. 66, 49. 


From £uxpoo£, having a beautiful colour. — Euckronsiiitre , Acide enchroique, 
Acide mellamiqne (Laurent ).—Formation fp. 16, 17). 

Preparation. The same process as for obtaining paramide (p. 16.) 
On evaporating the aqueous filtrate obtained in washing out the paramide, 
euchroate of ammonia separates in white crusts. The solution of this 
salt in the smallest possible quantity of boiling water, supersaturated 
while hot with hydrochloric or nitric acid, deposits nearly all the 
eucbroic acid, as it cools, in the form of a white crystalline powder, 
which may be purified by recrystabization from hot water. (Wohler.) — 
If the mellitate of ammonia has not been heated strongly enough, acid 
mellitate of ammonia remains mixed with the euchroate. (Wchler.) 

To obtain the greatest possible quantity oi euchroate of ammonia 
(and therefore proportionally less paramide) from the pale yellow 
residue produced by roasting mellitate of ammonia, the residue should 
be digested with a small quantity of water at 40°-50'; the liquid 
filtered; the undissolved portion, after removal from the filter, again 
treated with a small quantity of water at 40 3 to 50'; the solution again 
filtered, &c. &c as long as the filtrate contains euchroate of ammonia. 
The filtrates must then be added by drops to tolerably strong hydro¬ 
chloric acid, which will separate the eucliroic acid in crystalline scales; 
these scales washed several times on the filter with cold water, then 
pressed, and recrystallized several times from Lot dilute nitric or hydro¬ 
chloric acid, whereby the ammonia, which adheres with considerable 
obstinacy, will be completely removed. The mother-liquor of the crystals 
still contains, besides sal-ammoniac, a small quantity of eucbroic acid, 
which may be reconverted into meliitic acid by evaporation to dryness 
and boiling with aqueous ammonia, and recovered by precipitation with 
a baryta-salt, or, after driving off the excess of ammonia, with a copper- 
salt. (Schwarz.) 


Froperties. The dry acid is colourless 
solution reddens litmus strongly and ta«* 
(Wohler.) 



Dried at 200°. 


24 C 

. 144 

47*37 

2 X 

28 

9*21 

4 H 

. . 4 

i-ri 

16 0 

123 

42*11 


and. opaque; its aqueous 
:es like cream of tartar. 


Wohler. Schwarz. 
43*60 . 47*44 

10-93 9 18 

1 *'36 1*46 

33 70 . 41 92 


C^N-ikO 3 * 30-! 100-00 . 100 (j 100-CO 


states that the nitrogen-determination is not to be depended on. 
acid maj be regarded either as a mellitie acid conjugated with paramide: 

C'H-O' + 2CeXHO J = ON’H J O u 

or as a bibasic acio, OAd-O’,0 1 , whose nucleus, like that of meliitic acid, contains twice 
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as many atoms cf carbon as other atoms. — The formula C s NH 3 0 G , proposed for this acid 
by Laurent (A 7 . Ann. Chim. Phys. 23, 121), does not agree either with the analysis of 
the acid or with that of its salts. Gerliardt however suggests {Conipt. rend. 1849, 
209) that the acid may have been paitially decomposed by drying at 200° before it was 
analysed.] 


Decompositions. The acid remains unaltered at 280°, but at a liiglier 
temperature melts, boils, and decomposes, yielding liydrocyanate of 
ammonia, and a dark green, bitter sublimate. (Wohler.) — 2. Zinc, 
protoxide of iron, or the electric current, throws down from an aqueous 
solution of euchronic acid, a dark blue substance, called Euckroae , of 
unknown composition, insoluble in warer, but dissolving with purple 
colour in alkalis, and quickly oxidizing again in the air to euchroic 
acid. (Wohler.) — The deep blue, closely adhering deposit with which 
zinc becomes covered in the aqueous acid, detaches itself on immersion 
for a short time in very dilute hydrochloric acid, and may then be 
collected on a filter, washed, and dried The black mass thus obtained, 
which is free from zinc, is instantly oxidized, by the slightest heating, and 
converted into euchroic acid; it dissolves in aqueous ammonia or potash, 
with a more splendid colour than that of permanganate of potash; but the 
solution becomes decolorized from above downwards, on exposure to the 
air, and very quickly if agitated. In the boiling acid, zinc acquires a 
similar coating, but a trace of gas is evolved at the same time, and the 
liquid deposits a white powder, probably meditate of sine. — A mixture 
of aqueous euchroic acid and protoch'loride of iron forms with alkalis 
a thick, deep violet-coloured precipitate, which immediately becomes 
rust-brown on exposure to the air, and dissolves without colour in hydro¬ 
chloric acid, because the resulting sesquioxide of iron is reduced to the 
state of protoxide by the euchrone, which is thereby reconverted into 
euchronic acid. These phenomena are not produced by protochloride of 
tin or protochloride of manganese.—Platinum in galvanic combination 
with zinc does not act upon the aqueous acid, but decomposes its 
ammonia-salt. (Wohler.) — The aqueous acid is likewise decomposed 
by the galvanic current, and covers the negative platinum with a 
deep blue deposit, which however soon ceases to increase. — Euchrone 
is not produced by the action of sulphuretted hydrogen, sulphurous 
acid, hyposulphites, or arsenites (Schwarz).—8. Euchroic acid mixed 
with a quantity of water not sufiictent to dissolve it in its unaltered 
state, and heated to 200° in a sealed glass tube, dissolves completely 
in the form of acid meditate of ammonia. (Woilier.) 

C :4 N 2 H 4 G 13 + 8HO - 2XH 3 + 3CT1-OA 

Euchroic acid dissolved in water does not decompose when boiled in 
contact with the air. Hydrochloric acid and nitric acid exert no de¬ 
composing action upon it. (Wohler.) 

Combinations. With Water. — a. Hydrated Euchroic odd - 
crystals obtained by cooling the hot aqueous solution, are colourless, 
transparent, very short prisms, marled in a peculiar manner (Wohler); 
crystalline scales. (Schwarz ) When heated, they become opaque from 
loss of water, which, after they have been heated to 200 °, amounts to 
20*54 p.c. (4 At.) (Wohler.) — b. The acid dissolves very sparingly in 
cold water, better in hot. (Wohler.) 

c 2 
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Euchroate of Ammonia. — a. Neutral. — Obtained by evaporating 
tlie wash-water of paramide (vid. Preparation of euchroie acid), in white, 
scarcely crystalline crusts, which are decomposed by hydrochloric or 
•nitric, bat not by acetic acid. (Wohler.) 

Dried at 20C°. 

24 C .. . . 144 . 42*60 

4 N . 36 . . 16*57 

10 II . 10 2*96 

16 O . . 128 37*87 

2 NH 3 ,C 24 N-H 4 O lG . 338 . 100*00 

b. Acid . — Sometimes precipitated from the aqueous solution of the 
salt a, instead of the pure acid, and separates from solution in hot water, 
in yellowish crystals larger than those of the pure acid. (Wohler.) 

Schwarz’s Paramidic Acid, respecting whose relation to salifiable bases nothing is 
yet known, stands in close relation to this salt. For if paramide be dissolved in 
ammonia, and the solution immediately filtered into hydtochloric acid, paramidic acid 
is precipitated as a white powder, which under the microscope, appears to consist of fine 
needles. This acid gives with zinc the blue reaction of euchroie acid ; its solution in 
ammonia, from which it may at first be precipitated unchanged by hydrochloiic acid, 
is converted, in. 24 hours at ordinary temperatures, but immediately on boiling, into 
aqueous mellitate of ammonia. It dissolves to a certain extent in hot water, and sepa¬ 
rates fiom the solution in the form of powder. The acid dried without heat in vacuo 
loses 3*01 p. c. water at 170°. (Schwarz.) 


Paramidic Arid dried at 170°. 


24 C . 

144 

47*53 

47*25 

3 N . 

42 

13*86 

. 13*78 

5 II . . 

3 

. 1*65 

2*10 

14 O 

112 

. 36*96 

36*87 

C- 4 N 3 H 5 0 14 .. . 

... 303 

100*00 

100*00 


[Therefore, acid euchroate of ammonia minus 2 At. water. NR 3 ,C 24 N 2 H 4 0 1G — 
2 H O — C 2 fN 3 H 5 0 14 ]. 

Euchroate of Baryta. — Precipitated iu the form of a pale yellow 
powder, when baryta-water is dropt into an excess of warm aqueous 
euchroie acid. (Schwarz.) [Schwarz assigns to this salt the formula BaO,HQ + 
C^NO 6 (=C 24 N 2 Ba 2 0 16 ) with which however his (probably misprinted) analysis, 
assigning to the salt 23*8 p. c. C, 51*4BaO and 0*5H, does not at all agree.] 

Euchroate of Lead .—The boiling aqueous solution of euchroie acid, 
mixed with a dilute solntion of neutral acetate of lead, yields on cooling 
a yellow powder, which appears cr} T stalline under the microscope. (The 
filtrate separated from this precipitate, deposits mellitate of lead as a 
white powder when boiled.) The air-dried salt gives off 11*36 p. c. 
(6 At.) water at 160°, but nothing more at a stronger heat, till it begins 
to decompose. (Wohler.) 



Dried at 100°. 


Wohler. 

2 PbO 

224 

42*43 ... 

.... 42*41 

24 C . 

. . 144 . . 

27*27 


2 N . 

. 28 .... 

5*30 


4 H 

4 . . 

0*76 


16 0 . 

12S 

24*24 



C- 4 N 2 H 2 Pb-0 1G 4-2HO .. 528 .... 100*00 


The salt dried at 100° is C^N^H 2 Pb-0 15 (Schwarz). 


Wohler. 

42*98 

2*92 
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Euclu'ocite of Silver. — Obtained as a pale sulphur-yellow heavy 
powder, by precipitating a dilute solution of nitrate of silver with a hot 
aqueous solution of euchroic acid. This precipitate redissolves on agi¬ 
tation, so long as only a comparatively small quantity of euchroic acid 
has been added, but falls down again as the liquid cools. When boiling 
aqueous euchroic acid is precipitated by an insufficient quantity of 
nitrate of silver, the filtrate still contains some of the salt in solution, 
which may be precipitated without alteration by the addition of a small 
quantity of ammonia ( iid. inf.). Euchroate of silver dried at 150° 
gives off 2*11 p. c. (2 At.) water at 200°, and when more strongly heated, 
decomposes quietly, giving off a gas, which burns with a bluish dame, 
and has atTfir&t an aromatic odour, like that of burning mellitic acid, but 
afterwards smells like cyanic acid; the residue consists of metallic silver 
mixed with charcoal. The salt is insoluble iu aqueous ammonia, but is 
divided thereby into a white gummy mass, the greater part of which 
passes through the paper when filtered. (Wohler.) 


24 C 

2 N 

4 Ag. 

16 O 

Dried at 200®. 

. 144 

28 
. 432 
. 128 

19*67 

3 83 
59*01 
17*49 

W oaler. 

38*53 

C 24 N s Ag 4 0 16 

. . 732 

100*00 



Dried at 130°. 


Wohler. 

24 C . 

. 144 

19*20 

20*23 

2 N 

. 23 

. 3*73 


2 H 

2 

0*27 

0*19 

4 Ag 

. 432 

. 57*60 

36*77 

18 O 

. 144 

19*20 


C s N-H 4 0 16 + 2 HO 

. . 750 

100*00 



CAUTCHENE SERIES. 

A. Primary Nucleus. C 8 H c . 

Oauteiiene. C 5 H fl ? 

Boucharbat (1837). J. JPharm. 23, 457; also Ann. Fharni. 27, 30; also 
J.pr. Qheni. 13, 114. 

Formation and Prepai'ation. — When caoutchouc is subjected to dry 
distillation, and the receiver connected with two Woulfe’s bottles 
cooled with freezing mixtures, cautchene condenses in these bottles 
together with butylene (C S H 8 ). Either the butylene is allowed to evapo¬ 
rate rapidly from this mixture, so that the cold thereby produced may 
cause the remaining cautchene to solidify in a crystalline mass, which 
must then be quickly pressed between bibulous paper; or the mixture is 
distilled, first at -f 10", till the greater part of the but} T lene has passed 
over, then at + 18 3 ; the second distillate cooled to — 18°; and the 
crystals freed from adhering butylene by pressure between paper. 




CAUTCHEXE; OXYGEN-NUCLEUS OH*OA 


Properties. At—IS 0 , white, opaque, crystalline mass, composed of 
needles; melts at - 10" to a transparent oil of sp. gr. 0*65 at — 2 C ; 
boils at 14*5 J 


Boncbardat. 

8 C. 48 . . 88*89 . 85*75 

6 H ,6 11 11 14-18 


C s ii c . 54 . . 100-00 ... . 99*93 


[The cumulation certainly differs considerably from Boncbardat 1 's analysis; but he 
him elf states that the analysis was \erv difficult in consequence of the volatility of the 
body; moreover there are palpable eirois in his numerical data. The boiling point for 
OH 6 , calculated according to Uerhardt’s law (\ii. 57) is -r‘25°.] 

Cautehene, mixed with oil of vitriol, evolves heat, and forms a black 
mixture, from which water throws down a brown resinous matter. 

It is insoluble in water and alkalis, but dissolves very readily in 
JJcohol and Ether. (Boncbardat.) 


B. Secondary Nuclei. 

a. Oxygen-nuclei* 

a. Oxygen-nucleus. C s H 4 0 2 . 

Fumaric Acid. c 3 H 1 0 s =C 8 H i 0 2 J 0 6 . 

Lassaigxe. Ann. Chim. Phys. 11, 98; also N. Tr. 4, 2, 231. 

Pfaff. Sclav. 47, 476. 

TVTxckler. ReptH. 39, 48 and 36S; 48, 39 and 363. 

Pelocze. Ann. Chim. Phys. 56, 72; also Fogg. 36, 53; also Ann. 

Pharrn. 11, 263. 

Liebig. Ann. Pharrn. 11, 276. 

Demainjay. Ann. Chim. Phys. 56, 429; also Ann. Pharm. 12, 16; 

also Fogg. 36, 55. 

Schooler. Ann. Pharrn. 17, 14S. 

Kieckiier. Ann. Pharm. 49, 31. 

Delffs. Pogg. 80, 435; abstr. Jahresber. 1850, 371. 

Lichen>c Add,Fumarsaure, Flechtensdure, Patamaleinsiiure, Glauciumsaure, 
Acide jainariqiie, Ac. paramahique. 

Lassaigne, in 1819, showed that in the dry distillation of malic acid 
there is produced, besides maleic acid (Till. *150), another acid, which 
was further investigated by Pelouze in 1834, under the name of para- 
maleic acid. Pfaff, in 1826, found lichenic acid in Iceland moss; and 
fumaric acid was obtained by Winckler in 1833, from fumitory. De- 
marqay, in 1834, showed that fumaric acid, and Sehodler, in 1836, that 
lichenic acid is identical with paramaleic acid. 

Sources. In Fumaria off., Lichen islandicus , Glaucium lutemn, and 
Corydalis hulhosa. 

Formation . By the dry distillation of malic acid, and by heating 
certain malates. 3 
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Preparation. 1. From Fumitory. The aqueous decoction of the 
fresh flowering herb, together with the roots, after straining, subsidence, 
and decantation, is evaporated, first over the open fire and then In the 
water-bath, to a thin syrup; and this syrup, while still hot, mixed with 
a small quantity of hydrochloric acid, and left for about a fortnight in a 
cool place, till the fumarie acid has separated in hard brown crystals. 
The mother-liquor is then diluted with water and poured off; the 
crystals washed with cold water, suspended in water, and slightly super¬ 
saturated with carbonate of potash; the filtrate slightly supersaturated 
with sulphuric acid, heated in the water-bath, and filtered from the 
resulting dark brown resinous precipitate; the still brownish crystals of 
fumarie acid which form on cooling dissolved in hot water; and the solu¬ 
tion digested with animal charcoal and filtered: it then, on cooling, yields 
snow-white crystals, amounting to 0*156* p e. of the fresh herb.* 
(Winekler) — Two modes of preparation, in which the fumarate of lime 
contained in the expressed juice, is decomposed with oxalic acid, are also 
given by Winekler. (Rtpert . 39, 36S.)— This salt separates sponta¬ 
neously from the Fhimczuvn Fumarice , after two years 5 standing, in 
crystalline grains, which may be obtained by diluting the extract with 
an equal quantity of cold water, then decanting and w; siting with cold 
water; when decomposed with aqueous oxalic acid, they yield a brownish 
acid, which may be freed from an admixed red-brown substance, by 
mixing it with quartz-sand and subliming, or by solution in ether and 
filtration. (Winekler, Repel. 39, 4S.)— Trommsdorff (A T . Tr. 25, 2, 
152,) precipitates the recently expressed juice of fumitory — after sepa¬ 
rate n of the scum which forms on boiling — with acetate of lead; 
decomposes the washed precipitate with sulphuretted hydrogen, and 
obtains, by evaporating and cooling the filtrate, brownish crystals which 
may be purified with animal charcoal. — A similar-process is followed by 
Demarcay. IT Delffs washes the yellowish green precipitate thrown down 
by acetate of lead (after it has somewhat diminished in volume by stand¬ 
ing); dries it in the air on bibulous paper; rubs it to powder; stirs it up 
■with nitric acid gradually added (whereupon the mass swells up, but gives 
off only a small quantity of nitrous vapours); agitates the resulting mix¬ 
ture of nitrate of lead and free fumarie acid, after 24 hours, with a little 
water; filters; washes the residue with water; and extracts the fumarie 
acid with boiling alcohol of ordinary strength. The alcoholic solution is 
then evaporated; the residue dissolved in ammonia; the excess of ammo¬ 
nia expelled from the solution by heating; and a certain quantity of lead 
which remains in it, removed by sulphuretted hydrogen (the greater part 
of the colouring matter also separates with the sulphide of lead); the 
bifumarate of ammonia brought to the crj-stailizing point; the crystals, if 
much coloured, purified by pressure and recrystallization; the salt then 
dissolved in hot water; and the solution treated with nitric acid (which, 
if added in slight excess, generally effects the complete destruction of 
the colouring matter), to separate the fumarie "acid, which then, after the 
liquid has cooled, crystallizes out completely, hut only after a consi¬ 
derable time. By this process, Delffs obtained more than 5 drams of 
pure fumarie acid from 20 pounds of the herb. 

From Iceland J loss. — 64 pts. of the lichen are macerated for some 
time in water containing carbonate of potash ; the filtrate precipitated 
with acetate of lead; the washed brownish precipitate decomposed with 
sulphuretted hydrogen; the filtrate evaporated; and the crystals of the 
acid, which still contain lime, purified. (Pfaff.) — The chopped lichen 
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is macerated for six days with water and milk of lime, the mixture 
being frequently stirred; the expressed turbid liquid evaporated to half 
its bulk; acidulated with acetic acid; then heated; mixed with basic 
acetate of lead, as long as reddish flocks containing brown colouring 
matter continue to separate; and filtered hot. The filtrate, on cooling, 
deposits white or brown-yellow needles of the lead-salt, which may be 
decomposed with sulphuretted hydrogen or sulphuric acid, and, on 
further evaporation, an additional quantity of the impure lead-salt. 
The impure acid is purified by boiling with dilute nitric acid, and 
cooling to the crystallizing point. (Schodler.) 

3. From Glaucinm luteum. — The expressed juice is boiled and pre¬ 
cipitated by ammonia; the filtrate evaporated; mixed while still hot 
with a small quantity of nitric acid; then with nitrate of lead; and left 
to cool till the lead-salt separates, mostly in the crystalline form. 
(Probst, Ann. Pharm. 31, 248.) 

4. From Malic or from Maleic add . — Malic acid is heated for some 
time to a temperature a little above 130°, whereupon water passes over, 
togther with maleic acid, and fumarie acid remains behind in the solid 
state; or, crystallized maleic acid is boiled in a long glass tube, so that 
the evolved water may continually flow hack again, till the maleic is 
converted into fumarie acid. (Pelouze.) 

Properties . The acid obtained from malic acid crystallizes from the 
aqueous solution, in broad, striated, colorless prisms, sometimes rhombic, 
sometimes hexagonal (Pelouze); — that obtained from fumitory, in scales 
united in stellate groups (Winckler); that from Iceland moss, in needles 
(Pfaff); in crystals aggregated in cauliflower-like tufts (Schodler). —The 
acid sublimes in long white needles. (Lassaigne, Winckler.)—Requires 
a high temperature to melt it; volatilizes somewhat above 200 a , even 
before melting (giving off' vapours which attack the eyes strongly — 
Winckler); and sublimes for the most part unaltered, but partly resolved 
into water and fumarie anhydride. — It is inodorous, tastes very acid, 
and reddens litmus strongly. (Winckler, Pelouze, and others.) 


Crystallized. 

Pelouze. 

a. 

b. 

Liebig. 

c. 

Demarcay. 

d. 

Schodler, 

e. 

8 C .... 48 . . 

41*38 .. 

. 41*92 . . 

42*64 

. 41*63 

. . 41*03 

... 41*85 

4 H . . 4 . 

„ 3*45 . 

3-62 

3*76 

. 3*53 

. . 3*56 

. . 3*44 

S 0 ... 64 . 

. 55*17 

.. 54-46 

53*60 

... 54*84 

55*41 

. 54*71 

C s H 4 0 3 116 . 

. 100-00 

. 100*00 ... 

100*00 . 

... 100-00 

.... 100*00 

.... 100*00 


a and e are paramaleic acid crystallized from water; b 3 obtained by sublimation; 
d is famaric, and e, licheme acid. 

Pelouze, Peickher, and others, regard the acid as monobasic = C 4 H 2 0 4 , like maleic 
acid; and therefore, in the hypothetical anhydrous state, as C 4 HG 3 =Fu. 

Decompositions . 1. When fumarie acid is heated, a small portion of 

it is resolved into fumarie anhydride (C s H 2 0 6 ), which volatilizes, and 
water. (Pelouze.) — 2. It may be set on fire by ‘a flaming body, and 
then burns with ^ a pale blue flame. (Winckler.) — 3. When triturated 
and heated with peroxide of lead, it first gives off water and then 

takes fire, without emitting any odour of formic acid. (Rieckher.)_- 

4. The colourless solution of the acid in oil of vitriol, turns brown when 
heated (Winckler), and gives off sulphurous acid. (Rieckher.) — The 
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aqueous solution of the acid is not altered by eight days boiling, or when 
heated in a sealed glass tube to 250°, not being in fact converted into 
malic acid. (R. Hagen, Ann. Pharm. 38, 276.) — The acid is not decom¬ 
posed by boiling with nitric acid of sp. gr. 1*4, but remains unaltered 
when evaporated (Winckler), and separates out on cooling, with pecu¬ 
liar whiteness and brilliancy. (Dema^ay, Schodler.) — It is not decom¬ 
posed by boiling with water and peroxide of lead, or bichromate of pot¬ 
ash, and does not precipitate platinum-black from bichloride of platinum. 
(Rieckher.) 

Combinations. Fumaric acid dissolves in 390 pts. of water at 10°. 
and in a much smaller quantity of hot water (Winckler) in 210 pts. 
water at 12° (Lassaigne); in 216 pts. at 17° (Probst). 

The Fnmarafes are either neutral = C 8 H 2 M 2 0 2 ,0 6 , or acid = 
C s H 3 M0 2 ,0 6 . Some are crystalline, others pulverulent, and most of 
them have a mild taste. (Winckler.) None of them, excepting the 
ammonia, copper, and mercury salts, become carbonized till they are 
heated above 250°. (Winckler, Rieckher.) They are decomposed by 
phosphoric, sulphuric, hydrochloric, and nitric acid; hut fumaric acid 
expels acetic acid from the acetates. Many fumarates dissolve in water, 
hut none in strong alcohol. (Winckler.) 

Acid Fumarate of Ammonia. — The acid neutralized with aqueous 
caustic ammonia, or carbonate of ammonia, gives off part of the ammo¬ 
nia by evaporation in tbe air, or in a non-exhausted receiver over lime 
and oil of vitriol, or in vacuo over hydrate of potash, and leaves the 
acid salt in oblique rhombic prisms, truncated on the acute lateral edges, 
readily soluble in water and alcohol. (Rieckher.) — Transparent, colour¬ 
less, shining, right four-sided prisms, or needles united in stars; they 
have a mild taste, redden litmus, do not sublime without decomposition, 
dissolve readily in cold water, but are insoluble in alcohol. (Winckler.) 
— IF Prisms belonging to the oblique prismatic (monoclinometic) 
system, with angles of about 70 3 and 110“, and terminal faces inclined 
to the acute lateral edges at angles of 60° and 120°; cleavage distinct 
parallel to these terminal faces; in many crystals the terminal faces are 
replaced by two faces resting on the obtuse lateral edges, and meeting in 
the longer diagonal. (Delffs.) Pasteur (W. Ann. Cltim. Phys. 31, 91) also 
obtained this salt in prisms belonging to the monoclinometric system, and 
with angles of 110°, both with fumaric acid prepared from fumitory, and 
with acid obtained from malic acid. *L 

Air-dried Crystals. Rieckher. 

NH 3 . ... 17 .... 12-78 .. .. 13*7 

C s H 4 (0).. 116 87 22 

C 8 H 3 (NH 4 )O s . . . 133 . .. 100*00 

Rieckher supposes the salt to contain 1HO less. 

Fnmarate of Potash. — Obtained by neutralizing the acid with aqueous 
carbonate of potash and evaporating. Large, transparent, colourless 
rhombic tables and four-sided prisms, often aggregated in stars, perma¬ 
nent in the air, and having a mild, scarcely saline taste. (Winckler.) 
Lamince united in radiating groups. (Pelouze.) The salt effloresces 
during the evaporation of its solution, but deposits shining striated prisms 
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at the bottom of the vessel; sometimes the solution yields on evaporation, 
a liquid wh ch in 12 to 2 4 hours, is converted into a crystalline powder. 
(Rieckher.; The crystals become opaque at a gentle heat (Wmckler), 
and give off 17*06 p. c. (4 At) water at 100 J (Rieckher); at a higher 
temperature, they melt imperfectly, blacken, swell up to ten times their 
original bulk, and leave a residue of charcoal and carbonate of potash. 
(Winckler.) The salt dissolves readily in water (very readily, according 
to Pelouze), hut not in alcohol (Winckler), slightly in weak alcohol. 
(Rieckher.) From a concentrated aqueous solution, afetic acid throws 
down the acid potash-salt; alcohol, the neutral salt containing 1C*-61 p. c. 
(therefore also 4 At.) water of crystallization. (Rieckher.) 

Crystallized . Rieckher. 

2 KO 9-i*4 41-33 . ... 41-42 

C s H-0 6 . 98-0 . 42-91 

4 HO 36-0 . 1576 17*06 

~~~ C s H s K 2 O s -r 4Aq. 223*4 ... 100-00 

b. Acid. — From the cold-saturated aqueous solution of the salt a } 
water saturated with fumaric acid precipitates the salt b in needles: 1 pt. 
of fumaric acid is saturated warm with aqueous carbonate of potash, 
1 pt. of fumaric added, and the solution evaporated and cooled. (Rieck¬ 
her.) Shining, tufted needles and oblique four-sided pr« sms, permanent 
in the air, and having a pleasant, strongly acid taste. (Winckler.) They 
give off 2 At. water at 200° ( Rieckher \ and decompose at a higher 
temperature like the salt a. (Winckler.) They dissolve much less 
abundantly in cold water than the salt a, plentifully in boiling water, 
are nearly insoluble in cold alcohol of 81 per cent, but dissolve sparingly 
therein at a boiling heat, and crystallize on cooling. (Winckler.) 

Dried at 230°. Rieckher. 

KO 47 2 . 30*61 . . 30*82 

CTUO" 107*0 09-39 

m : ‘KO‘ 154-2 100*00 

The existence of a fumarate of potash and ammonia is doubtful, (Rieckher.) 

Feutral Fumarate of Soda. — C 8 H 2 NTa 2 O s . — The salt precipitated 
by alcohol from the aqueous solution is a crystalline powder containing 
10*03 p. e (2 At.) water; when the solution is evaporated, the salt crys¬ 
tallizes in needies and prisms containing 25*12 p. c. (6 At) water. The 
water escapes for the most part at 100°, completely at 200q and the 
residue contains 38*77 p. c. soda. (Rieckher.) Crystalline mass con¬ 
sisting of needles, permanent in the air, having a faint silky lostre, and a 
warm saline taste; it behaves in the fire like the potash-salt, dissolves 
readily in cold water but is insoluble in alcohol. (Winckler.) 

It does not appear possible to prepare an Acid fumarate of soda or a fumarate of 
soda and potash. (Rieckher.) 

Fumarate of Baryta. — The free acid does not precipitate baryta- 
water (Lassaigne), or chloride of barium. (Rieckher.) Very dilute solu¬ 
tions of fumarate of ammonia and chloride of barium mixed together, 
deposit, after a while, colourless, nearly transparent rhombic prisms 
variously modified, having a vitreous lustre, and a very slight taste with 
somewhat acid after-taste; they effloresce readily in the air, giving off 
15 per cent, of water, and at i00 o the loss amounts to 20*81 per cent. 
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The salt takes fire when held over a flame, and leaves carbonate of 
baryta mixed with charcoal. It dissolves very sparingly in water and is 
insoluble in alcohol. (Winkler.)—A moderately concentrated aqueous 
mixture of fumarate and acetate of baryta does not yield any deposit, 
though left to itself for several hours; but on scratching the sides of the 
vessel with a glass rod, a crystalline powder is immediately deposited on 
the rubbed parts, and gradually increases. On mixing the boiling satu¬ 
rated solutions, this powder is deposited even without friction. The salt 
loses only 0*6 p. c water at 100°, and 1 2 p.c. in all at 200°; it is there¬ 
fore anhydrous It dissolves very slowly, not only in water and alcohol, 
but likewise in aqueous fumaric and other dilute acids; consequently no 
acid salt appears to be formed. (Rieckher ) — Schddler obtained with 
lichemc acid, four-sided prisms containing 56*91 p. c. baryta. 

n , Winckler. Rieckher. 

nriea At 100°. At 200°. 

2 BaO . 153*2 Go*59 60*34 . 60*45 

C s H 2 0 8 98*0 39*01 

C s H 2 Ba 2 O s . .. 231*2 100*00 

Acid fumarate of potash does not form a double salt with carbonate of baryta. 

Fumarate of Strontia. — Aqueous fumaric acid does not precipitate 
strontia-water. (Pelouze.) From acetate of strontia it throws down, 
after some time only, if the solution be very dilute, a white crystalline 
powder which gives off 3 9*82 p. c. waiter at 100°, and 20*66 p. c. (6 At.) 
in all, at 200°, and is as sparingly soluble in water as the baryta-salt. 
(Rieckher.) 

Dried at 230°. Rieckher. 

2 SrO . 104 . 51*49 . ... 51*22 

C S H 2 G 5 . . ..98 ... 48 51 

C*fl 3 SrO* . 202 . . 100*00 

Fumarate of Lime. — Occurs in fumitory. — Fumaric acid does not 
precipitate lime-water (Lassaigne), or chloride of calcium (Rieckher.) 
From a hot-filtered solution of carbonate of lime in fumaric acid, or from 
a mixture of fumarate of potash with acetate of lime, colourless, shining 
scales separate after a while, which are tasteless, permanent m the air, 
and scarcely soluble in water or alcohol. (Winekler.)—An aqueous 
mixture of fumaric acid and acetate of lime deposits highly lustrous 
crystals, which are sparingly soluble in water, insoluble in alcohol, give 
off the greater part of their water at 100°, and the whole, amounting to 
25 66 p. c. (6 At.) at 200 w . (Rieckher.) 

Dried at 230°. Rieckher. Winekler. 

2 CaO . 56 .... 36*36 . 36*22 . 38*82 

C 8 H 2 G 6 . 98 .... 63*64 

C s H 2 Ca 2 O s .... 154 .... 100*00 

Fumarate of Magnesia. — Fumaric acid mixed with aqueous acetate 

of magnesia and evaporated to a syrup, yields no crystals; but if the 
greater part of the acetic acid be expelled by thorough drying* in the 
■water bath, and the residue exhausted with alcohol, fumarate of mag¬ 
nesia remains undissolved in the form of a white powder, which gives off 
34*48 p. c. (8 At.) water at200°, but only half that quantity at*100°. 
(Rieckher.) 
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2 MgO .. . . 

C s H 2 O c 

Dried at 200°. 

40 . 

. 98 

.. 29*98 .. 

71*02 

Rieckher. 

. .. 29*82 

C 8 H-Mg-O s 

138 

100*00 


2MgO. 

CH O w .... 

Dried at 106°. 

. 40 .. 

. 134 .. 

... 22*99 ... 

... 77*01 

Rieckher. 
. 23*19 

C 8 H 2 Mg 2 0®+ 4Aq. 

. 174 . 

... 100*00 



Aiumina and Chromic Oxide do not appear to combine with fumaric acid (Rieckher); 
tbe alkaline fumarates \ield no precipitate with alum. (H. Rose.) 

Fumarate of 2fanganese. — Fumarate of soda added to sulphate of 
manganese throws down, after a while, a small quantity of a white 
powder. (Winckler.) The acid heated with aqueous acetate of man¬ 
ganese, yields a yellowish white powder, which gives off 24'7 p. c. (6 At.) 
water at 200°, and dissolves sparingly in water, not at all in alcohol, and 
with decomposition in acids. (Rieckher.) 

Dried at 200°. Rieckher. 

2 MnO . . 72 . .. 42 3 5 . 41*09 

C y H-0 6 . 98 57*05 

C s H 2 Mn 2 O s . 170 . 100-00 

Antimonic oxide does not dissolve in a warm aqueous solution of acid fumarate of 
potash. (Rieckher.) 

Fumarate of Zinc. — Obtained by saturating the boiling aqueous 
solution of the acid with oxide or carbonate of zinc, and evaporating the 
filtrate to the crystallizing point. Short, thick, oblique four-sided prisms, 
colourless, with a vitreous lustre; having an astringent and afterwards 
sweetish metallic taste: permanent in the air, but efflorescing when 
heated; taking fire and blackening at higher temperatures, and burning 
away, with residue of zinc-oxide; readily soluble in water; insoluble in 
alcohol. (Winckler.) — A solution of acetate of zinc in warm aqueous 
fumaric acid, left to evaporate in a warm place, yields Winckler’s air- 
permanent, four-sided prisms, which give off 13*24 p. c. (6 At.) water at 
120 J , dissolve in water and in weak alcohol, and are precipitated by 
ammonia; but if the solution be left to evaporate in a cooler place, 
larger efflorescent crystals are obtained, containing 29*06 (8 At.) water, 
(Rieckher.) 

Dried at 120°. Reickher. 

2 ZnO .. 80 . . 44*94 44*47 

OH-O s . 98 53*06 . 55*53 

C«H-Zu-O s . 178 .. 100*00 . 100*00 

No fumarate of zinc and potassium appears to exist. (Rieckher.) 

Fumarate of Lead. — a. Sexbadc . — 1. Obtained by precipitating 
basic acetate of lead with fumaric aaid [with neutral fumarate of potash?]. 
— 2. By treating the salt c with ammonia. The salt does not part com¬ 
pletely with its hygroscopic water till it is heated to 200°, and bears a 
temperature of 230° without decomposition. (Rieckher.) 

b, Tribadc. — Obtained by precipitating basic acetate of lead witli 
acid fumarate of potash. The white, quickly sinking precipitate, gives 
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off all its water at 130°, and bears a temperature of ‘230° without decom¬ 
position. (Rieckher.) 


Salt a, dried at 230°. Rieckher. 

6 PbO . 6/2 . 87*27 . 86*7 

C 8 K 2 0 6 98 12*73 


4PbO,C 8 H 2 Pb-O s . 770 . 100*00 


Salt h s dried at 230°. Rieckher. 

3 PbO 336 77*42 . . 77*2 

C 8 H 2 0 G 98 22*38 


PbOjC 8 H 3 Pb 2 O s .... 431 . . 100*00 

c . Neutral . — Malate of lead is converted at 220° into fumarate 
(Rieckher.) The dilute potash-salt mixed with acetate of lead acidulated 
with acetic acid, throws down a white crystalline powder, which dis¬ 
solves on boiling, and crystallizes after a while on cooling, in white 
shining tufts of needles. (Winckler.) The free acid behaves in a similar 
manner with neutral acetate of lead. (Lassaigne 3 Pelouze). The dried 
salt does not decompose at 200'* (Rieckher.) When heated over a flame, 
it takes fire and burns away with a glimmering light, leaving a mixture 
of lead and a small quantity of protoxide. ("Winelder.) The needles, 
after drying in the air, contain 16*28 p. c. (6 At.) water (Pelouze); 9*31 
p. c. (4 At.) according to Rieckher. The salt dissolves readily in nitric 
acid, with separation of fumaric acid; it is nearly insoluble in cold water 
and in strong acetic acid, but dissolves with tolerable facility in boiling 
water, separating out again unchanged on cooling. (Winckler.) It is 
insoluble in alcohol. (Rieckher.) 

Dried between 140° and 200°. Pelouze. Rieckher. Winckler. 

2 PbO . . 224 . 69*57 . 69 ... 69*41 . . 72*7 

G 8 il-0* ... 98 . 30*43 


C 8 H 2 Pb 2 O s .... 322 . 100*60 

Tlie ammonia-salt does not precipitate fei j'ous sulphate. (Winckler.) 

Ferric Fumarate .—Recently precipitated ferric hydrate does not 
dissolve in aqueous fumaric acid, even with the aid of heat. (Rieckher) 
The aqueous acid forms a brownish yellow precipitate with ferric sul¬ 
phate. (Lassaigne.) Fumarate of ammonia or soda forms with sesqui- 
chloride of iron a pale brown-red precipitate insoluble in excess of the 
ammonia-salt (whereby it is distinguished from the precipitate formed by 
succinic acid.) (Winckler.) The precipitate is chamois-coloured like 
ferric succinate. (Pelouze.) Mere traces of ferric oxide remain unpre- 
eipitated; the precipitate is cinnamon-coloured, very bulky, and difficult 
to wash; soluble in acids but not in ammonia; and whether precipitated 
from cold or from hot solutions, contains after drying at 200°, 44*08 p. c. 
ferric oxide, whence its formula is Fe 2 0 3 , C s H 2 0 6 . (Rieckher.) 


Fumarate of Cobalt. — The red mixture of fumarate and acetate of 
cobalt does not yield crystals by evaporation, but when mixed with 
alcohol after concentration, deposits a rose-coloured pulverulent pre¬ 
cipitate, which, after washing with alcohol and drying in the air, gives off 
15*79 p. c. (nearly 4 At.) water at 100°, and 23*84 p. c. (6 At.) in all at 
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200°; it dissolves easily in water or ammonia, sparingly in weak alcohol. 


(Rieckher.) 

Dried at 200°. Rieckher. 

2 CoO . 75 .... 43-35 . 43-17 

C 8 H 2 Q 6 . 98 . 53*65 

C 4 H 2 Co 2 G s . 173 .... 100*00 


Fumarate of Nickel .— Obtained like the cobalt-salt. Pale green 
powder, which, after drying in the air, gives off 26*49 p. c. (rather more 
than 6 At.) water, 30*61 p. c. (8 At.) in all at 200°, and at 230°, suffers 
a total loss of 36*22 p. c. with colouring and partial decomposition. It 
dissolves in water, weak alcohol, and ammonia. (Rieckher.) 

Dried at 200°. Rieckher. 

2 MO . 75 43’35 42*92 

C s H-0 6 . 98 56*65 

C 8 H 2 Xi-O s . .. . 173 . 100-00 

Cupric Fumarate. — Fumarate of potash added to cupric sulphate 
throws down a pale blue crystalline powder soluble in hydrochloric or 
nitric acid, insoluble in water and alcohol. (Winckler.) Aqueous cupric 
acetate heated with fumaric acid till the latter dissolves, deposits a blue- 
green crystalline powder. This salt, after drying in the air, gives off 
17*67 p. c. (rather more than 4 At.) water at 100 J , and 23 61 (6 At.) in 
all at 200'- at ^30~, it suffers a total loss of 48 or 49 per ceut., assuming 
at the same time a brown colour and being partially decomposed. It 
dissolves readily in nitric acid with separation of the acid; slowly in 
water and alcohol; and is insoluble in boiling fumaric acid. (Rieckher.) 


2 CuO : . 
C s H-0 5 

D) led at 200 s . 
80 

9S 

44*94 

55*06 

Rieckher. 

44-49 

C-H 2 Cu : O s 

178 . 

100*00 


2 CuO .. . 
C 3 H 4 O s . . 

Dried at 100°. 

. 80 . 

..116 

. 40-82 ... 

. 59*18 

Rieckher. 

. . 40*42 


C 8 H 2 Cu 2 Q 8 + 2 Aq 196 ..100-00 


Cuprofumarate of Ammonia. — The dark blue solution of cupric 
fumarate in ammonia yields by evaporation, small, dark blue, shinino- 
octohedrons. (Winckler.) When a layer of alcohol is poured upon the 
above solution, the salt separates "in delicate blue, silky needles. 
(Rieckher.) " J 


Mercurous Fumarate. — An aqueous solution of mercurous nitrate 
forms with fumaric acid or alkaline fumarates, a white crystalline pre¬ 
cipitate which suffers no perceptible loss and no change of eolour at 100 3 
(Rieckher.) 


Air-dried. 

2 Hg 2 0 . .. 416 ... 80 63 

C s H-0 6 . 93 .. 19-07 


Rieckher. 

81*13 


CSH'JHgW . 


514 .... 100*00 
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Mercuric Fwnarate. — The ammonia-salt adled to a solution of cor¬ 
rosive sublimate, throws down a white powder (Winckler); it does not 
form any precipitate. (H. Hose, Fogy. 7, 87.) The potash-salt throws 
down, from the solution, a mixture of yellow needles and a white crystal¬ 
line salt. Free fumaric acid gives no precipitate, either with corrosive 
sublimate or with mercuric nitrate; it does not dissolve mercuric oxide 
even with the aid of lieat. (Hieckher.) 


Fumarate of Silver . — Free fumaric acid added to nitrate of silver 
throws down a fine white powder. (Lassaigne.) The acid, even when 
dissolved in 200,000 pts. of water, still precipitates silver-solutio i; and 
alkaline fumarates precipitate it even at higher degrees of dilution; so 
completely indeed that the filtrate shows no turbidity on the addition of 
hydrochloric acid. (Pelouze.) The powder, after being washed and dried 
in the dark, is white, tolerably heavy, nearly tasteless, and adheres to the 
fingers. (Winckler.) It turns brown when heated, afterwards decom¬ 
poses with slight detonation and sparkling, and leaves a bulky, velvet- 
black mass, which leaves metallic silver when burnt. (Winckler.) When 
heated, it deflagrates like gunpowder. (Demurely, Hieckher.) It dis¬ 
solves readily in nitric acid, with liberation of fumirc acid. (Winckler.) 
It is insoluble in water (Winckler, Pelouze), and is not decomposed 
by continued boilmg therewith. (Hieckher) It dissolves readily in 
ammonia, an l when the amnmia evaporates, yields deficits shining 
prisms, which give off potash when treated with ammonia. (Winckler.) 


D; ied at 100°. Beirutrc ;v. 

2 AgO .... 232 70*30 69*10 * 

8 C . 48 .... 14*53 . 14-C4 

2 H . 2 . 0-60 . . 0*09 

6 0 48 . 14 53 33-57 


C s H-Ag 2 O s 330 . 100-CO ........ 100*00 


Liebig. Scholler. WincMer. 
€9*89 ..... 70 . . 72*81 


Fumaric acid dissolves readily in 82 per cent Alcohol (Winckler); it 
dissolves in 21 pts. of cold alcohol of 76 per cent. (Probst.) 

It dissolves readily in Ether . (Winckler & others.) 


ConjugateJ Compound of Fumaric Acid. 

Fumaric Ether. C 13 H K 0 3 =2C*H S 0, C s H-0«. 

Rob. Hagen (1841). Arm Fit arm. 38, 274. 

Formation and Freparation. A solution of fumaric or of malic acid 
in absolute alcohol is saturated with hydrochloric acid gas; the mixture 
distilled; and the fumaric ether, which passes over after the hydrochloric 
ether, and when the heat has risen considerably, collected in a separate 
receiver and dried over chloride of calcium. 

Froperties. Oily %ukl, heavier than water and having a pleasant 
fruity odour. 
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Hagen, 

16 C... . 9G 55-81 . . 55*80 

12 H . .. . 12 . . 6-98 ... . 6-97 

8 O . 64 . 37*21 37-23 


C 1G H D 0 8 .. . 172 . . 100-00 . .. . 100*00 

Decompositions, 1. The ether heated with potash-ley, is resolved 
into fumarate of potash and alcohol, — 2. Treated with aqueous ammonia 
it deposits after some time, crystals of fumaramide; 

C 16 H 2 O s + 2XH 3 = C s N 2 Ii 6 0 4 + 2C 4 H C 0 2 . 

It is slightly soluble in water. (Hagen.) 


B. Oxygen-nucleus. C ? H 2 0 4 . 

Fumaric Anhydride, C 8 H 2 0 6 =C 8 H 2 0 4 ,0 2 . 

Pelouze. (1834.) Ann. CJnm. Phjs. 56, 72; also Ann . JPkarm. 

11, 263. 

Anhydrous Fumaric Acid; Anhydrous Maleic Acid. 

Produced, -with formation of water, when maleic or fumaric acid is 
heated. 

Crystallized maleic acid is rapidly distilled, with change of receiver, 
till nothing but crystallized fumaric acid remains behind; and the last 
distillate (the first being watery) is repeatedly rectified in the same 
manner, the first watery portion of the distillate being each time set 
aside, till the last distillate passes over completely, without first yielding 
water, and without leaving a residue of fumaric acid. 

The anhydride melts at 57° and boils at 176\ 

Pelouze. 

8 C. 48 ... 18*98 .... 48*73 

2 H. 2 . 2*04 2*13 

6 0.... 48 48*98 49*14 

C s H 3 0 6 . 98 ...100*00 ........ 100*00 

The anhydride slightly heated above its boiling point, decomposes, 
turning brown and giving off gas. (Pelouze). 

Pelouze regards this body as the so-called anhydrous maleic acid =C 4 H0 3 . But as 
fumaric acid is formed in its preparation, it may just as well be anhydrous fumaric acid, 
*\ e. } fumaric anhydride, a view which is supported by the fact that no other monobasic 
acid yields an anhydrous acid or anhydride.* The question might be decided by ascer¬ 
taining whether this body when treated with aqueous alkali yields a maleate or a 
fumarate. (Gm.) 

* This was written before Gerhardt’s discovery of the anhydrous monobasic acids. 
[W.J 






SULPHOSINAPIC ACID. 


33 


b. Amidogen-nuclei. 
a. Amidojen-nucleus. C s AdH 5 . 

Snlphosmapic Acid, C s NH 7 S 4 =C s AdH 5 ; S 4 . 

Will. (1844.) Ann . Pharm. 52, 30.—Further: Ami. Pharm. 92, 59. 

Formation . By decomposing oil of mustard with alcoholic potash. 

Preparation . Oil of mustard is slowly dropt into a concentrated 
solution of hydrate of potash in absolute alcohol, care being taken that 
the liquid does not get too hot; the brown-red liquid decanted, after 
several hours, from the crystallized carbonate of potash; diluted with 
water; separated by a wet filter from the oil which lias sunk to the 
bottom, and the pale yellow filtrate evaporated nearly to a syrnp: this 
when set aside, deposits shining crystals of the potassium-salt.—If 
the evaporation he carried too far, a thick brown-red oil rises to^ the 
surface of the liquid; and when this oil is dissolved in water, a yellow 
powder separates, which coheres in lumps. The liquid decanted, from 
the carbonate of potash may likewise be evaporated in vacuo without 
addition of water, till, in the course of a few days, it solidifies to a 
radiated mass, which may he freed from the oil by ether, then dissolved 
in absolute alcohol, and filtered from the carbonate of potash. The 
alcoholic filtrate contains the potassium-salt, together with free potash. — 
The potassium-salt cannot be obtained in a state of perfect purity. 

When the solution of the potassium-salt diluted with , a moderate 
quantity of water is neutralized with acetic acid, a.yellowish turbidity 
is produced, arising from separated sulphur. The liquid filtered there¬ 
from, which is inodorous, even when heated, forms with acetate of lead- 
a lemon-yellow precipitate, which soon becomes yellowish-red and after¬ 
wards black, the odour of oil of mustard being then evolved with conti¬ 
nually greater intensity. The green precipitate obtained with copper- 
salts likewise turns brown and afterwards black, and still more quickly, 
the precipitate obtained with nitrate of silver, the odour of oil of mustard 
being perceptible in each case. These three precipitates decompose 
even when they are immediately thrown c:i a filter and washed with 
cold water. 

To obtain the lead salt undeeomposed, the liquid filtered from the oil, 
after dilution with water {rid. sap.) is diluted with 200 times its bulk of 
water, neutralized with acetic acid, which at this degree of dilution 
produces no turbidity, and precipitated by acetate of lead. 

The finely divided precipitate aggregates on agitation in lemon-yellow 
curdy flakes, which, after the greater portion of the liquid has been 
decanted, must be quickly thrown on the niter, washed with cold water 
(till the -wash-water is no longer acid), pressed between a large quantity 
of paper, and dried as quickly as possible in vacuo over oil of vitriol. 
During these processes, however, a certain amount of decomposition 
always takes place, from formation of oil of mustard and sulphide of 
lead, tbe latter causing a yellowish grey or even black colouring., . At 
100°, this decomposition takes place completely, colourless drops of oil of 
mustard distilling over, while sulphide of lead, mixed with sulphur, 
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remains, without any evolution of water or carbonic acid. [But sulphu¬ 
retted hydrogen might be evolved, according to the equation : C 8 NH 6 PbS 4 *= C 8 NH°S 2 + 
PbS 4* HS ; as no means were adopted to prevent access of air, this sulphuretted 
hydrogen may have been partially decomposed, inasmuch as Will found the sulphide 
of lead mixed with sulphur.] —With sulphuric acid, the lead-salt gives off 
abundance of sulphuretted hydrogen, without the slightest odour of oil 
of mustard. — The potassium-salt, when heated, likewise yields oil _ of 
mustard and a brown liver, and with sulphuric acid, a large quantity 


of sulphuretted hydrogen, hut no 

sulphur. 


•Will. 

8 C . 

48 ... 

20*34 

. 19*72 

N. 

14 . . 

5*93 .... 

. 5*01 

6 H. 

6 .... 

2*54 . 

2*66 

Pb. . 

104 

44*07 .. 

45*20 

4 S . 

64 .... 

27*12 

26*73 

C s NH 6 PbS' 1 . 

236 .... 

100*00 .... 

.... 99*32 


Will regards sulphosinapic acid as a compound of sulphocyanide of allyl (CH 5 ), 
■with sulphuretted hydrogen: C 8 NH'S 4 = CSH5,C=NS= + 2HS=^ } S= + ^ } 8*. Ger- 
hardt regards it as sulphocarbamic acid in which 1 At. H is replaced by allyl. 

Sulphocarbamic acid. Allylsulphocarbamic acid. 

NH 2 (CS)2 S) NH(C 6 H 5 ) (CS) 2 . S) 

H.S/ H.Sf 

The sulphosinapates may also he readily obtained by mixing oil of 
mustard with the alcoholic solutions of the coi responding hydrosulphates. 
In this manner the whole of the oil of mustard may be converted into 
sulphosinapic acid. 

Sulpltosinapate of Ammonium. —When oil of mustard is dropt into 
a colourless, saturated solution of hydrosulphate of ammonium, NH 4 S,H 
the odour of the latter immediately disappears, the liquid becoming 
strongly heated and solidifying in a few minutes to a magma of colour 
less laminae of the snlphosinapate. 

Crystallized. Will. 

8 C. 48 .... 32*00 . 31*70 .. 31*36 

10 H .. ..... 10 .... 6*66 G*90 .... 6*77 

2 N.... 28 ... 18*67 17*40 

4 S . 64 . 42*67 ..... . 43*03 .... 43 30 

C 8 NH 8 (NH 4 )S 4 . 150 ...100-00 .... 99*03 

This salt has but little stability, decomposing by keeping. 

Snlphosinapate of Potassium . — An alcoholic or even an aqueous 
solution of hydrosulphate of potassium, to which mustard-oil is added as 
long as the odour of the latter is destroyed, yields by slow evaporation 
in vacuo—provided the quantity of material be not too small—-large 
rhombic tables often an inch in diameter; by quicker evaporation, 
needle-shaped crystals are formed. These crystals are transparent and 
colourless so long as they remain in the liquid; hut when exposed to 
the air, they become opaque and yellow, losing their form and becoming 
partially insoluble in water, which then leaves a viscid sulphur-coloured 
residue. The aqueous solution of the recently prepared salt maybe 
heated without giving off the odour of mustard-oil; but on mixing the 
heated solution with nitrate of silver, sulphide of silver is precipitated, 
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and the odour of mustard-oil becomes immediately perceptible; the dried 
compound likewise gives off mustard-oil when heated. 


Crystallized. Will. 


8 C . 

. 48-0 . 

... 28*04 


oh. 

. 0*0 . 

... 3*50 


N. 

. 14*0 . 

... 8.18 


4 S . 

. ... 64*0 . 

. . 37-38 .... 

.... 38*09 

IC. 

. 39*2 . 

22-90 .... 

... 22*50 

C S NH 6 KS 4 . 

. 171*2 . 

... 100-00 



Sulphosinapate of Sodium. — Obtained by mixing a warm alcoholic 
solution of hydrosulphate of sodium with mustard-oil as long as the 
odour of the latter is destroyed. Separates in nacreous laminse, which 
are unctuous to the touch, and when heated, first melt, and then give off 
abundance of mustard-oil. The salt contains 6 At. water of crystal¬ 
lization. It cannot be kept without decomposing. 


8 C . 

Crystallized . 
. 48*0 .. 

.. 22*96 .. 

Will. 
.... 23*70 

12 II . . 

. 12*0 .. 

.. 5*74 .... 

.... 5*93 

N . ... 

. 14*0 .. 

.. 6*69 


4 S . 

. 64*0 . 

. 30*60 


6 O . 

. 48*0 

. 22*96 


Na . 

. .. 23*1 .. 

.. 11*05 .... 

... 11*20 


C s NH 6 NaS 4 + 6Aq. 209*1 .... 100*00 


Sulphosinapate of Barium. — 1. Obtained by heating oil of mustard 
with a solution of sulphide of barium supersaturated with sulphuretted 
hydrogen and mixed with a little alcohol — 2. By diffusing hydrate of 
baryta and oil of mustard in water, adding alcohol, and passing sulphu¬ 
retted hydrogen through the liquid.—3. It is likewise deposited from 
the mother-liquor of the alcoholic solution of the compound of mustard- 
oil with sulphide of barium (p. 49). — Forms crystalline laminae like 
the soda-salt, and very easily soluble. 

/ Crystallized . Will. 

a. b. 


a .. 

10 H . 

10 u 

10*0 ... 

AU ill 

4*23 ... 

,,, 13 3U 

... 4*60 


N. 

14*0 . 

5*95 



4 S . 

64*0 .. 

27*05 .. . 

.... 26*50 


4 O . 

32*0 ... 

13*57 



Ba . 

68 *6 ... 

29*00 

. 30*44 .. 

.. 30*4 

C a NH G BaS 4 + 4 Aq. 

236*6 ... 

. 100*00 




a, Prepared by method (3); b, by method (1). 

Sulphosinapate of Calcium. — When milk of lime is mixed with 
mustard-oil, a little alcohol added to dissolve the latter, and sulphuretted 
hydrogen in excess passed through the liquid, the odour of the mustard- 
oil disappears altogether, and a clear solution is obtained; which, after 
evaporation in the water-bath, leaves the calcium-compound in the form 
of a slightly yellow, transparent jelly. When completely dried, it is 
decomposed, with abundant evolution of mustard-oil. (Will.) 
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/?. Amidogen-nucleus . C 8 AdHCl 4 . 

CMorazosuccic Acid. C 8 NH 3 Ci 4 0 4 =C 8 AdHCl 4 J 0 4 . 

Malaguti (1846.) N. Aim. Chim. Phys. 16, 72; abstr. J. pr. Chem . 
37, 435. 

Gerhardt. If. J\ Pharm. 14, 235 and 291. 

Formation. By tlie action of dry ammoniacal gas on pei’chlorosuc- 
cinic ether. The products of the reaction are eld orocarbeth amide, ehlo- 
razosuccate of ammonia, and sal-ammoniac. For this decomposition, 
Malaguti, who regards chlorocarbethamide (ix, 228) as C^NWCPO 3 , 
gives the following equation: 


^C 16 HC1 13 0 1S + 8NH 3 = C 10 N 3 H C C1 7 C 3 -f v NIl 3 ,C c KHCl 3 ,0-,3H0 + 2NH 4 C1. 

Chlorosuccinic Ter-hychated chlorazosuccate 

Ether. ' of ammonia. 


If, on the other hand, we represent chlorazosuccic acid by Gerhardt’s 
formula, C 8 NH 8 C1 4 0 4 , and regard chlorocarbetbainide, according to 
Gerhardt’s most recent experiments, as chloracetamide =C 4 NH 2 G1 3 0 3 , 
tbe equation will be: 


C 1G HC1 13 0 1? + 7XH 3 = 2C 4 NH-C1 3 0 :! 


i- NH 3 ,C S NH 3 C1 4 0 4 4 3NK 4 C1. 

Chlorazosuccate of 
ammonia. 


Preparation . Ammoniacal gas is passed over pulverized perchlo- 
rosuccinie ether contained in a tubulated retort, as long as the mis is 
absorbed and heat evolved; the mass then pulverized; ammoniacal mxs 
again passed over it; the operation repeated as long as any absorption 
takes place; the mass treated with pure ether; the solution of chlorazo¬ 
succate of ammonia and chlorocarbetbainide (ehloracctamide) filtered 
from sal-ammoniac and a trace of paracyanogen; the liquid evaporated- 
the residue treated with a small quantity of water; the liquid 
filtered; the chlorocarbethamide (chloracetamidc) remaining on the filter 
repeatedly washed with a small quantity of water, till the water which 
runs away is no longer bitter* and the brown filtrate mixed with hydro¬ 
chloric acid, whereby the chlorazosuccic acid is precipitated in the form 
°t_a brown oil which soon solidifies iu a crystalline mass. The brown 
acid is freed from the brown matter (paracyanogen ?} by ronented 
solution in ammonia and precipitation by hydrochloric acid, after which 
it crystallizes in a state of purity by spontaneous evaporation from its 
alcoholic solution. (Malaguti.) Gerhardt precipitates the acid from the 
solution of its ammoniacal salt by nitric acid, and washes it with cold 
water. 


Properties . Four-sided prisms acuminated with 


pyramids. Molts 
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under water at 83° to 85°, and per se at 200% but begins to sublime at 
125% and to show colour at 150°. Tastes extremely bitter. 


Calculation, 

according to Gerhardt. 

8 C . 


.. 48*0 . 

20*12 

N ... 

. 

14-0 . 

5*86 

3 H . 


. 3*0 .. 

1-26 

4 Cl. 


141*6 . 

59*35 

4 O. 

. 

32 0 . 

13*41 

C a NII 3 Cl 4 0 4 . 

. 

238*6 ... 

100*00 

Calculation , according to Malaguti. 

Malaguti. 

CC. 

30*0 

.... 20*78 

. .. . 2059 

N. 

14-0 

. 8*08 

. 7-93 

H. 

1*0 

. 0-58 

. 0-77 

3 Cl . 

106*2 

. €1*32 

. 61-03 

2 0. 

16*0 

9*24 

. 9*63 

C G NJ1C1 :, 0 2 

173*2 

. 100*00 

. 100*00 


[Malaguti’s formula is improbable on account of the uneven number of the atoms 
and the mode of formation of the acid; Gerhardt's requires much less N and much mote 
H and 0 than are given by experiment—a result which Gerhardt attributes to a partial 
decomposition by drying before the analysis. A repetition of the analysis is desirable.] 

Tbe acid is insoluble, or nearly so, in water. 

It effervesces with carbonates. 

Its solution in aqueous Ammonia evaporated in vacuo yields the 
ammonia-salt, half in crystals, half as a syrup. This salt, when heated 
to 100% gives off carbonic acid (and as Malaguti supposes, but has not 
proved, also carbonic oxide), and is converted into a mixture of chloro- 
succilamide (ix, 272) and sal-ammoniac, which may be separated by 
ether. (Malaguti.) Equation according to Malaguti: 

N H C C NH Cl 3 O 2 ,2 H O = C 4 NH~CPO + CO- + CO + NITCl. 

But, according to Gerhardt’s more probable assumption, chlorosuccilamide 
= C 6 NH 4 C1 3 0% i e the acetamide of the propylene-series, and hence the 
equation is : 


NI1%C S NCPC1*0 4 + 2HO = O'NHPCPO- + Nil 4 + 2CO\ 


The concentrated solution of the ammonia-salt forms with lime-salts, 
a white precipitate, consisting of fine needles; with copper-salts, a lilac; 
and with mercury and silver-salts, a white amorphous precipitate. 
(Malaguti). It does not precipitate chloride of barium, sulphate of 
magnesia, sulphate of zinc, or sulphate of manganese. (Malaguti.) 

The silver precipitate, which is at first amorphous, becomes crystal¬ 
line in a few seconds. Washed with cold water and dried at 100% it 
leaves, when ignited, 40-23 p. c. chloride of silver, consequently contains 
30’3 p. c. silver. (Malaguti.) The formula C 8 NH 2 AgCl 4 0 4 requires 
31*25 p. c, silver, but Malaguti's formula C 6 NAgCPO% 37*9 p. c. 
(Gerhard t.) 

The acid dissolves very readily in alcohol and ether. (Malaguti.) 
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7. Amidogen-nuchus • C 8 Ad 2 H 2 0 2 . 

Fumaramide. C B N 2 H 6 0 4 =C 8 Ad 3 H 3 0 2 ,0 2 . 

Bob. Hagen. (1841.) Amz. Pharm. 38, 275. 

Fmnarie ether, mixed with aqueous ammonia, and set aside for some 
time in a cold place, deposits white scales of fumaramide. 


8 C. 

. 48 

.. 42*11 ... 

Hagen. 
. 42*37 

2 N. . . 

. 28 .. 

.. 24*56 .. 

. .. 24*53 

6 H. 

.. 6 .. 

.. 5 26 ... 

. 5*33 

4 0. 

. 32 

. 28 07 .. 

. 27*77 


C 8 N 2 H 6 0 4 .. 114 .... 100-00 . 100-00 


Fumaramide yields by dry distillation, ammonia, a crystalline sub¬ 
limate, and a carbonaceous residue. Heated with aqueous alkalis, it 
gives off ammonia, and when heated for some time with water, it is 
converted into fumarate of ammonia: 

CWO 4 + 4H0 = 2NH 3 ,C s H 4 O s . 

It is insoluble in cold water, but dissolves in boiling water and 
separates out unchanged on cooling. It is insoluble in alcohol. (Hagen.) 

IT Fumaramide with Mercuric Oxide. — Bed oxide of mercury boiled 
in water with fumaramide is rapidly decolorized, and yields a white pul¬ 
verulent compound, which must be carefully washed with boiling water 
and dried at 100°. It is decomposed by hydrochloric acid and sul¬ 
phuretted hydrogen. (Dessaignes, Pf. Ann. Chim . Phys. 34, 143; Ann . 
Pharm. 82, 233.) 

Pried at 100°. 


2HgO . 216 .... 65*45 . 64*58 ....“64*99 

C 8N2H 6 0 4 . 114 .... 34*55 


C s N 2 H 6 0 4 ,2Hg0.... 230 .... 100*00 


If Fumarimide. C 8 NH 3 0 4 ? 

Dessaignes. Comp. rend. 30, 324; J7. J. Pharm. 17, 343; Jahresbe 7 \ 
1850, 414. ' 

J. Wolff. Ann. Pharm. 7 5 , 293. 

Formed by the action of heat on bimalate of ammonia. When this 
salt is heated in an oil-bath to 160°-200 a , it melts, swells up, gives off water 
containing a very small quantity of ammonia, and leaves a reddish, trans- 
parent, somewhat resinous mass, very sparingly soluble in water even at 
a boiling heat. This residue, after being washed with hot water, forms 
^ r ? h ? US P owde . r > laying a pale brick-red colour and earthy taste. 
When dried at 100°, it exhibits the composition of fumarimide + 1 At. 
water. (Dessaignes.) — When the residue obtained as above is exhausted 









SINAPOLINJB. ' 


39 


with boiling water, the wash-water yields on cooling a fine white powder, 
which remains suspended in the liquid, but is immediately precipitated 
by acids. This substance, after being several times dissolved in water 
and reprecipitated, exhibits nearly the composition of anhydrous fuma- 
rimide. (Wolff.) — As a small quantity of ammonia is always evolved in the dry 
distillation of the bimalate, a corresponding quantity of malic acid must be set free; 
consequently a certain quantity of maleic and fumaric acids must be formed together 
with the fumarimide, and the soluble parts of the residue contains malic acid, both 
active and inactive. If the bimalate be moistened with ammonia, before heating it to 
200°, the residue yields scarcely anything to water. (Pasteur, Ann , Pharm. 82, 231. 


Anhydrous. Wolff. 

8 C. 48 .. . 49*5 50*1 

N. 14 .... 14-4 12*2 

3 H . 3 .... 3*1 4*1 

4 0. 32 .... 33*0 33*6 


C 8 N 3 H0 4 . 97 .... 100*0 100*0 

Hydrated , dried at 100°. Dessaignes. 

8£C . 48 .... 45*29 45*57 

N . 14 .... 13*20 13*22 

4 H . 4 .... 3*77 3*87 

5 0 . 40 .... 37*74 37*34 


C 8 N 3 H0 4 +Aq. 106 .... 100*00 . 100*00 


Wolff supposes that the substance which he analysed was contaminated with 
aspartic acid. 

The composition of fumarimide is that of (unknown) fumaramic acid minus water: 

C 8 NH s 0 6 — 2HQ - C 8 NII 3 0 4 

Fumarimide is a very stable substance. It dissolves in hot concen¬ 
trated acids, whence it is precipitated by water, without alteration, even 
after boiling for some seconds. But if heated for 5 or 6 hours with 
hydrochloric or nitric acid, and then evaporated to dryness, it yields a 
crystalline residue containing a combination of hydrochloric or nitric 
acid with inactive aspartic acid (Dessaignes, Wolff): 

C 8 N11 3 0 1 + 4HO = C S NH 7 G R 
Fumarimide. Aspartic acid. 

Bimaleate and bifumarate of ammonia yield by dry distillation, a 
substance closely resembling fumarimide in most of its reactions, but not 
identical with it. (Dessaignes.) IT 


Sinapoline. 

C 14 N 3 H“0 4 = C 14 N 2 H 10 O 3 ,H 3 = C“H 4 C 8 Ad 2 H 3 0 3 ,H 2 

Ed. Simon. (1840). Ann. Pharm. 33, 258; Pogg. 50, 377. 

Will. Ann Pharm. 52, 25. 

Formation. In the decomposition of mustard-oil by hydrated oxide 
of lead or aqueous fixed alkalis (p. 45.) 
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Preparation. 1. One part of mustard-oil is mixed with 12 pts, of 
recently precipitated oxide of lead, and 3 pts. of water, and digested for 
several days in a closed vessel at a gentle heat and with frequent agita¬ 
tion, till the odour of mustard is no longer perceptible; the mass then 
dried in an open basin on the water-bath; and the sinapoline extracted 
from it by hot water or alcohol. (Simon.) The hydrated oxide of lead 
must be well washed; the digestion in the water-bath continued, as long 
as fresh portions of lead-oxide become blackened; the mixture imme¬ 
diately exhausted by boiling with water; aud the liquid filtered to 
separate the sulphide, carbonate and excess of oxide of lead; pure sina- 
poline then crystallizes out on cooling. (Will.) — 2 Oil of mustard is 
boiled with a large quantity of baryta-water; the liquid evaporated to 
dryness after the odour of mustard has disappeared [during which how¬ 
ever, some of the sinapoline may volatilize]; and the sinapoline extracted 
from the residue by alcohol or ether. (Will.) 


Properties. Sinapoline crystallizes from the hot aqueous solution in 
colourless, shining laminse, unctuous to the touch. (Will.) They melt at 
90° (Simon), at 100° (Will), without loss of weight, and immediately 
solidify on cooling in a beautiful crystalline mass. (Will.) Sinapoline 
may be sublimed (Simon), but undergoes partial decomposition at the 
same time (Will); when distilled with water, it passes over undecom¬ 
posed. (Simon.) 


Crystallized . 



Will. 

14 C . 

84 

... 00-00 .... 

. 59*72 

2 N . 

28 

.. 20*00 .... 

. . 19*99 

12 H . 

12 

8*37 . 

.... 8*78 

2 0 

16 

11*43 . 

... 11*51 

C ! 'N-H'-0 2 . 

140 . 

.. 100*00 ... 

. 100*00 


, -Decompositions.. 1. Sinapoline decomposes between 170° and 180°. 
(Simon.) 2. Nitric acid converts it into an acid, and its solution in oil 
of vitriol turns brown when heated. (Simon.) — It may be boiled with 
potash without giving off ammonia, and melts in the potash to oily drops 
without decomposition. (Will.) 


Combinations . Sinapoline dissolves in Water , abundantly at the 
boiling heat. (Simon, Will.) 

* wc* SS °^ eS - W ^*°^^ eCOm ^ OS ^ on ccdd °/ vitriol and cold nitric 
(Will ) 1IQ011 5 m °ther acids, and may be separated by ammonia. 


. ^ /^ }Sor ^ s . dr J hydrochloric acid gas, with rise of temperature suffi¬ 
cient to melt it, and without separation of water. The saturated com- 

l°™ 1 . ? f n ta !f S \ 5 ' 555 pt , S ’ K } 7drcclllori *c acid to 100 pts. sinapoline = 
°rp V > therefore equal numbers of atoms. It is viscid, does not give 
oti liydrochlonc acid when dry air is passed over it, but emits fumes of 

JlS ofwatel 1 (Will) ^ and deP ° SitS " P ° rti0D ° f tLe Sinap ° line 0n 

mtridZl) pSiT [Sf t6S afl " e0US rMddortte of mercury and 

It dissolves in alcohol and ether. (Simon, Will.) 
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e. Nitrogen-nuclei . 
a. Nitrogen-nucleus . C 8 NH 5 . 

Oil of Mustard, C 8 NH 5 S 2 =C 8 NH 5 ,Sl 

Thtbierge. J. Pharm. 5, 439 ; also N. Tr. 4, 2, 252. 

Jul. Fontenelle. J. Ghim . m/J. 1,131. 

Hobnemann. Berl. Jahrb . 29, 1, 29. 

Boutbon & Bobiquet. J. JPharm. 17, 296. 

Henby & Plisson. J". Pharm 17, 451. 

Dumas & Pelouze. .Aww. PAys. 53, 181; also J. Ghim. med. 

9, 641; also JPharm. 10, 324; also Poyy. 29, 319. 

Aschoff. N Br . ^rc7i, 3, 7; also /. pr. Ghem. 4, 314. 

Wittstock. PerA Jahrb. 35, 2, 257. 

Bobiquet & Bussy. Ann. Ghim. Phys . 72, 328; also P. Pharm . 26, 
116; also «7. pr. Ghem. 19, 232. 

Boutbon & Fbemy. P. Pharm. 26, 112. 

Lowig & Weidmann. J. pr. Ghem. 19, 218. 

Will. Ann. Pharm. 52, 1. — Further Ann. Pharm. 92, 59. 

Webtheim. Ann. Pharm. 55, 297. 

Gebhabdt. Compt. rend. 20, 894; also N. Ann. Ghim. Phys. 14, 125; 
also P. pr. Ghem. 35, 487. 

Volatile Oil of Mustard , Ethereal Oil of Mustard, Sulphocyanide of AUyl , 
Essence de moutarde. 

Sources. The seed of black mustard—not that of white mustard,— 
contains a substance (myronic acid) not very well known in the free 
state, which, in presence of water, is decomposed by the emulsion-like 
myrosin likewise present, with formation of oil of mustard (pp. 50—54). 
The seeds of many other cruciferous plants behave in the same manner, 
but yield oil of garlic at the same time (ix, 372); the moist parts of 
cruciferous plants contain oil of mustard already partially formed. 

Formation from Oil of Garlic . When the precipitate which an 
alcoholic solution of oil of garlic forms with corrosive sublimate is mixed 
with excess of sulphocyanide of potassium, and the mixture heated to 
120—130°, a mixture of oil of mustard and oil of garlic distils over. 
(Wertheim.) The precipitate is in fact C 6 H 5 S, 2HgS 4- C G H 5 C1, 2HgCl; 
this latter member, with 3C 2 NKS 2 forms C 8 NH 5 S 2 + 2C 2 NHgS 2 + 3KC1; 
but at the same time, the first member C°H 5 S,2HgS is resolved into oil 
of garlic, C 6 H 5 S, and residual sulphide of mercury, 2HgS. (Wertheim.) 

TT Formation from Oil of Asa foetida. — Concentrated alcoholic 
solutions of crude oil of Asa foetida and corrosive sublimate yield a white 
flocculent precipitate which, when boiled with strong alcohol, is resolved 
into a soluble compound (C 12 H 10 S 3 + 5HgS) + C 13 H 10 C 2 + HgCl, which 
separates on cooling in white microscopic crystals, and an insoluble com¬ 
pound (C 12 H 10 S 8 + 2HgS) + 4Hg 2 Cl + 4Hg 3 S 2 Cl; and when either of 
these compounds is triturated with sulphocyanide of potassium, a strong 
odour of oil of mustard is evolved, and a few drops of the oily liquid 
which passes over on heating the mixture forms with ammonia crystals 
resembling thiosinnainine (p. 57). (Hlasiwetz, Ann. Fharrn . 71, 23.) 
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3. From Iodopropylene , by the action of sulphocyanide of potas¬ 
sium (or of silver): 

CffiT 4- C-NKS 2 = C S NH S S 2 + KI. 


It would appear from this reaction that oil of mustard is the sulphocyanide of 
sulphopropylene C 6 H 5 S (identical or isomeric with oil of garlic) the latter being formed 
from iodopropylene by the substitution of S for I. (Berthelot & De Luca, Compt. 
rend . 39, 746; W. Ann . Ghim. Flips. 44, 495. — N. Zinin, Fetersh . Acad. 
Bull , 13, 288; Ann.Phcirm , 95, 128.) 

Freparation of crude oil of mustard. — The bruised seed of black 
mustard is macerated over night with 3 to 6 pts. of cold water, and then 
distilled as long as any oil passes over with the water. — The mustard 
may be previously freed from the fixed oil by pressure. If the seeds are 
not macerated before they are heated, the myrosin is rendered inactive 
by the heat, before all the oil is formed, and consequently the product is 
smaller. At each distillation of a fresh quantity of mustard, the watery 
distillate obtained in former operations and already charged with oil of 
mustard, may be used with advantage. — In the ordinary mode of distil¬ 
lation, the sides of the still become too strongly heated, and consequently 
the quantity of oil is smaller than that which is obtained by vapour-distil¬ 
lation, viz. by passing steam from a small boiler through a bent leaden 
tube into the still in which the mustard is mixed with cold water. 
(Wittstock.) If the distillation be too long continued, the oil redissolves 
in the water which passes over. (Aschoff.) — The distillate may be made 
to run from the condensing tube into a wet filter covered with a glass 
plate; the water then passes through, and the oil collects at the apex of 
the filter, from which, at the end of the distillation, it may be run off by 
piercing the filter at the bottom. (Wittstock.) 

100 pts. of mustard yield 0*2 pts. of oil (Boutron & Robiquet); 0*55 
pts. (Aschoff); 0*8 pts. (Hesse, Ann.Fharm. 14, 41); 1*2 pts. (Hoffmann, 
Berl. Jahrh . 35, 2, 251); by ordinary distillation after maceration with 
water, 0*5 pt.; after maceration with the mustard-water of the previous 
distillation, 0*7 pt.; by vapour-distillation, when the mustard is macerated 
with common water, 0*7 pt.; and when it is macerated with the mustard- 
water of the preceding distillation, 1*1 pt. (Wittstock.) 

The crude oil of mustard thus obtained is more or less yellow, but 
exhibits in other respects the properties of the purified oil. 

Purification. By simple rectification (Dumas & Pelouze); by distil¬ 
lation with an equal quantity of water (Aschoff); by placing it in contact 
with chloride of calcium, then decanting and distilling, a small quantity 
of black-brown resin remaining behind. (Will.) — If the crude oil of 
mustard be heated for some time in a distillatory apparatus to 100°, a 
colourless oil passes over, having an ethereal odour and lighter than 
water; the residue begins to boil at 110°, and its boiling point becomes 
constant at 155°. Crude oil of mustard, therefore, contains one or more 
lighter and more volatile oils. (Robiquet & Bussy.) These might arise 
from adulteration. (Will.) 

? Freparation from Iodopropylene. — 1. Iodopropylene and sulpho¬ 
cyanide of potassium in nearly equal numbers of atoms are heated to 
100 J in sealed flasks with addition of a small quantity of water. On 
opening the flasks after some hours, and pouring water into them, a 
solution of iodide of potassium is obtained, with an oily liquid floating 
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on the surface. This oil, when 'separated from the watery liquid and 
distilled, begins to boil at 100°, but the greater part distils over at about 
150°. The more volatile portion appears to contain a small quantity of 
oil of garlic, due to some secondary reaction; but the principal part of 
the distillate consists of oil of mustard. (Berthelot & De Luca.) — Or 
iodopropylene is distilled with an alcoholic solution of sulpliocyanide of 
potassium, the alcoholic distillate mixed with water, and the oil thereby 
separated, distilled as above, the portion which passes over between 145° 
and 150° being collected apart. (Zinin.) — 2. Oil of mustard maybe 
distilled with still greater facility by the action of sulphocyanide of 
silver on iodopropylene. The action takes place at ordinary tempera¬ 
tures, iodide of silver being formed, while the iodopropylene disappears 
and is replaced by oil of mustard. At 1C0° sulphide of silver is formed. 
(Berthelot & De Luca.) IT 

Properties. Colourless transparent oil. (Dumas & Pelouze, Aschoff, 
Will); refracting power=l*516 (Will); sp.gr. 1*015 at 20° (Dumas & 
Pelouze); 1*009 to 1*010 at 15° (Will); boiling point 143° (Dumas & 
Pelouze); perfectly constant at 148°. (Will.) Vapour-density =340. 
(Dumas & Pelouze); 3-54. (Will.)—The oil has a sharp penetrating 
taste and odour; excites tears; inflames and blisters the skin. (Thibierge.) 
— Neutral to vegetable colours. (Thibierge) 




£ 

Lowig & 
Weidmann. 

Will. 

Dumas 
& Pelouze. 

Henry & 
Plisson. 

Berthelot 
& De Luca 
{artificial.) 

8 C . 

48 .. 

.. 48*49 , 

.... 49*29 .... 

, 49*40 

.... 49*98 . 

... 53*28 

N . 

14 .. 

.. 14*14 , 


. 14*12 

... 14*45 . 

... 14*92 


5 H. 

5 .. 

.. 5*05 

.. 5-21 

5*24 

.. . 5*02 . 

.. 11*18 


2 S . 

32 .. 

.. 32*32 , 

.... 52-07 .... 

. 31*96 

.... 20*25 . 

.... 11*18 

.... 32*3 

O 





10*30 

. 9*44 


C 8 NH 5 S 3 .... 

99 ... 

.. 100*00 . 


100-72 

.... 100*00 . 

... 100*00 



Vol. Density. 

C-vapour. 8 . 3*3280 

N-gas. 1 . 0*9706 

H-gas . 5 . 0*3465 

S-vapour . i . . 2*2185 


Vapour of oil of mustard . . 2 . 6*8636 

1 . 3*4308 


As Dumas & Pelouze found too small a quantity of sulphur, they concluded that 
the oil contained oxygen,—an error which was corrected by Lowig & Weidmann.— 
Wertheim and Will are disposed to regard oil of mustard as sulphocyanide of ally], 
= C 6 H 5 ,C 2 NS 2 . This view is supported by the convertibility of oil of garlic into oil of 
mustard, and vice versa ; also by the formation of oil of mustard from iodopropylene. 

Decompositions , 1. The oil kneaded with alumina yields by dry 

distillation , carbonic acid, carburetted hydrogen, and a small quantity of 
sulphuretted hydrogen gas, together with water. (Fontenelle.) — 2. Ex¬ 
posed to daylight for three years in well closed vessels, it gradually 
becomes brownish-yellow, and deposits an orange yellow amorphous 
substance. (Will.) This body, after being washed with ether and dried 
in vacuo, contains 28*60 p. c. C. 5 87 H, 20*72 S, and (as loss) 44*81 N. 
It has tlie aspect of pseudosulphocyanogen. It swells u|> and assmftes a 
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dark colour when heated, giyes off a strong odour of oil of mustard, and 
leaves a dull, perfectly combustible charcoal. It dissolves in warm 
potash-solution, forming a yellow liquid, from which acetic acid preci¬ 
pitates light yellow flocks; and the liquid filtered therefrom still gives a 
light yellow precipitate with acetate of lead, but does not redden feme 
salts, and therefore does not contain hydrosulphocyanic acid. (Will.) — 

3. The aqueous solution of the oil, after exposure to the air for some 
hours, loses its sharpness, but retains its taste and mustard odour, and 
deposits a grey powder, containing sulphur. (Thibierge.) — The oil 
undergoes no change by exposure to the air or to oxygen, even for a 
considerable time, becoming neither acid nor alkaline. (Boutron & 
Robiquet.) 

4. When chlorine gas is very slowly passed into a retort filled with 
oil of mustard, very volatile crystals are formed, having a silky lustre 
(with evolution of hydrochloric acid, according to Dumas & Pelouze). 
These crystals become coloured and decompose when exposed to tbe air, 
and are dissolved by a large excess of chlorine, yielding a viscid, no 
longer crystallizable liquid. Potash-ley converts them into a resinous 
substance insoluble in potash. They are insoluble in water and ether, 
but dissolve in alcohol in all proportions. (Boutron & Fremy. ) — 

5. Bromine acts upon oil of mustard with frothing and evolution of heat, 
and forms a brown resin nearly insoluble in water; the solution contains 
sulphuric and hydrobromic acid. (Ascboff.) — 6. Iodine dissolves quickly 
in the oil, forming a dark red-brown liquid. (Aschoff.) 

7. Nitric acid quickly decomposes the oil, with evolution of a large 
quantity of nitric oxide, and formation of a large quantity of nitric acid 
[sulphuric (Boutron & Robiquet.) — Even with moderately strong nitric 
acid, the oil becomes very strongly heated, with brisk evolution of nitric 
oxide; assumes first a light green, then a reddish-yellow colour, and lastly 
thickens and dissolves, forming a yellow liquid, on which a yellow, porous, 
resinous substance, nitrosinapylic resin, floats. If the action of the nitric 
acid be continued, this substance disappears, forming a yellow solution 
of nitric, sulphuric, oxalic, and nitrosinapylic acid. (Lowig* & W eidmann.) 
Hlasiwetz (A«?t. Pkarm. 76, 294,^ likewise obtained formic acid. 

The niirosinajiylic resin , if taken out as soon as all the oil has dis¬ 
appeared, and washed with water, melts at the heat of the water-bath, 
to a dark yellow mass, which gradually solidifies and becomes quite 
solid on cooling. At a stronger heat, it decomposes after previous 
fusion. It dissolves partially in dilute ammonia, potash, or baryta; 
forming a dark yellow liquid, from which acids separate yellow flakes; 
the undissolved portion dissolves in strong boiling potash. The entire 
resin dissolves sparingly in ether, hut not in water or alcohol. It contains 
36*65 p.c. C, 23*56 N, 3*12 H, 16*04 S, 20*63 0, and is therefore 
C 8 A T3 H 4 S r 0 3i . (Lowig Sc Weidmann.) As it is but partially soluble in 
dilute alkalis, it cannot be a simple compound. (Berzelius, Jahresber , 
21, 362.) [The perfectly formed resin is perhaps free from sulphur 
and = C B N 2 H 4 0 1 =C 6 NXH 4 .] 

The yellow solution of the four acids, yields by evaporation and 
cooling, crystals of oxalic, acid, whereas the mother-liquor chiefly con¬ 
tains sulphuric and nitrosinapylic acid, in case this latter acid has not 
been decomposed during the evaporation by too great an excess of 
nitric acid. ^ To obtain the nitrosinapylic acid from this liquid, it is 
saturated with carbonate of baryta, filtered from the sulphate and 
oxalate of baryta, the baryta carefully precipitated from the filtrate by 
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sulpliuric acid, and the filtrate evaporated ov T er the water-bath to the 
consistence of an oily liquid. This liquid solidifies on cooling, to a 
yellow, waxy, easily fusible mass, which, however, if too strong a heat 
has been applied, is no longer soluble in water. The acid gives off 
ammonia when boiled with excess of potash. It dissolves in water, 
forming a solution which reddens litmus. Its solution in aqueous potash 
is yellow. The solution of the baryta-salt (vid. sup.) evaporated over 
the water-bath, leaves the dry baryta-salt in the form of a reddish 
yellow, shining, amorphous, brittle mass, which yields a yellow powder; 
after being heated for some time over the water-bath, it leaves, when 
dissolved in water, traces of a red powder; at a higher temperature, it 
suddenly rolls together in masses, and decomposes, the decomposition 
beginning at a point and spreading through the whole mass. It dis¬ 
solves with yellow colour in water, but is insoluble in alcohol and in 
ether. It contains 89*25 p. c. BaO, 18*23 C, 16*16 N, 1*66 H, 2*74 S, 
and 21*96 0, and is therefore Ba0,C 6 N !i TP8 1 0 5 b [If the sulphur be 
regarded as unessential, the baryta-salt may be C s NX 3 Ba,0 4 , and the 
acid C s NX 4 ,0 4 .] The aqueous solution of the baryta-salt forms with 
neutral acetate of lead, a yellow precipitate, which dissolves slowly in 
cold, more readily in hot water, and after drying at 100°, contains 
15*93 p. c. C and 1 65 H, which leads to the same formula. With 
mercurous nitrate or nitrate of silver, the barvta-salt likewise forms a 
yellow precipitate, but it does not precipitate a solution of ferric or mercuric 
chloride. Xitrosinapyhc acid is insoluble in alcohol and ether. (Lbwig 
& Weidinann.) 

Oil of mustard oxidized with chromic acid yields a large quantity of 
acetic and a very small quantity of propionic acid. (Iilasiwetz.) 

8. With hydrated oxide of lead, oil of mustard yields sinapoline, 
carbonate of lead, and sulphide of lead (E. Simon, Will): 

2C 8 NH 5 S 3 + GPbO + 2HO = C^N-H^O 2 + 2(PI>0,C0 2 ) + 4PbS (Will). 

Perhaps, 2 At. oil of mustard give up 2CS 3 , which then, with the 6PbO, 
forms 2(Pb0,C0 2 ) and 4PbS, (Will.) — 1 pt. of oil of mustard mixed in 
a close vessel with 12 pts. of recently precipitated hydrated oxide of lead 
and 3 pts. of water, and digested at a gentle heat for several clays, with 
frequent agitation, disappears and loses its sharp odour, the mixture 
acquiring an odour of garlic and turnips, which, however, is completely 
destroyed by evaporating the liquid, together with the blackened oxide 
of lead, in the water-bath, during which process, the last portions of 
sulphur arc precipitated as sulphide of lead. The remaining black 
pulverulent mixture, when evaporated in the chloride of calcium bath, 
gives off water and a large quantity of ammonia, whiles sinapoline and 
sulphide of lead remain behind. (Ed. Simon, Pogj . 50* 377.) 

Heavy metallic oxides in the dry state, and metallic salts dissolved 
in absolute alcohol, abstract sulphur from oil of mustard, but very slowly 
and imperfectly. (Will.) — Thus nitrate of silver (or dehydrated acetate 
of lead), dissolved in absolute alcohol, yields a black precipitate when 
heated with oil of mustard; but the liquid still retains sulphur, even 
after the mixture has been boiled for several days. A few drops of 
water, however, immediately produce an evolution of carbonic acid, and 
precipitate all the sulphur as sulphide of silver, while sinapoline remains 
in the liquid. (Will.) Oil of mustard dissolved in water forms with 
basic acetate of lead, a white precipitate, which turns grey after a while, 
and ultimately black; with acetate of copper, it forms after 24 hours a 
red-brown precipitate; with nitrate of silver a precipitate which soon 
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turps black; and with tercliloride of gold, a yellow precipitate. (Hor¬ 
nemann.)— It forms with nitrate of silver a black precipitate, and with 
tercliloride of gold a yellow-brown precipitate. (Aschoff.) —It does not 
precipitate neutral acetate of lead, protocliloride of tin, ferrous salts, or 
ferric salts. (Hornemann). 

0. Aqueous potash, soda , or baryta, likewise forms, with oil of mustard, 
sinapoline, an alkaline carbonate and a sulphide; but if the mixture be 
too much heated, ammonia is evolved in consequence of further decom¬ 
position. (E. Simon, Ann. Pharrn. 33, 258; Will.) — A few drops of oil 
of mustard, heated to the boiling point with baryta-water, precipitate a 
large quantity of carbonate of baryta without any evolution of ammonia, 
the filtrate containing sinapoline and sulphide (but no sulphocyanide) of 
barium. (Will.)—% Hlasiwetz finds that, when oil of mustard is boiled 
for some time with solution of caustic soda, in such a manner that the 
vapour may be condensed and flow back again, the remainder of the 
sulphur then removed by means of a warm solution of oxide of lead in 
potash, and the oil washed with dilute sulphuric acid and water, and 
lastly rectified, a colourless oil of fishy odour is obtained; the same oil is 
formed when oil of mustard is treated with lime; Hlasiwetz assigns to it 
the formula, 6C 6 H 5 0 2 +H0. The remaining alkaline liquor contains 
traces of propionic acid, sulphide of sodium, and carbonate of soda. 
During the action of the soda-solution on oil of mustard, ammonia 
appears to escape. With oil of mustard from another source, Hlasiwetz 
obtained, by boiling with solution of soda, an oil having the odour and 
composition of sage-oil; it contained 80*0 p. c. C, 11*1 H, and 8*9 0. IF. 

Earlier statements: An alcoholic solution of oil of mustard, mixed 
with potash-ley and distilled after several days, yields alcohol having an 
odour of mustard, and a residue consisting of a dark brown oil and 
aqueous sulphocyanide of potassium. (Hornemann.) — The solution of 
1 pt. of crystallized baryta in 256 pts. of mustard-water gradually yields 
a yellowish grey precipitate containing carbonate of baryta, sulphur, 
and a less volatile oil; and on distilling the liquid filtered therefrom, 
ammonia is given off, carbonate and sulphate of baryta are precipitated, 
and sulphocyanide of barium remains in solution. (Hornemann.) — Fixed 
alkalis form with oil of mustard, a sulphocyanide and a sulphide of the 
alkali-metal. (Dumas & Pelouze.) — Oil of mustard, heated with potash- 
solution, gives off ammonia, and, after some days, deposits crystals [of 
sinapoline ?]. (Aschoff.) —The oil mixed with potash-solution, gives off 
ammonia, and forms sulphide of potassium, together with a crystallized 
nitrogenous substance [sinapoline], from which the remainder of the 
sulphur may be extracted by boiling with oxide of lead. (Simon, Pogg. 
44, 599; Marckand & Simon, J. pr. Client. 19, 235.) — Oil of mustard 
agitated with concentrated potash in a stoppered bottle, dissolves com¬ 
pletely, forming a brown, faintly smelling liquid, which, when neutralized 
after a few days, with caustic potash, deposits a few oily drops and 
small radiating crystals, not of bitartrate of potash, but of a peculiar 
substance [sinapoline]. The liquid separated from these crystals yields 
by distillation, a very yellow and strongly alkaline distillate, which 
blackens lead-salts, whereas the residual liquid precipitates them white. 
(Boutron and Freiny.) 

10. When oil of mustard is dropt into a saturated solution of potash- 
hydrate in absolute alcohol, great heat is produced, which, if 1 or 2 
grammes of the oil are quickly added, may rise in a few seconds to 
violent ebullition, attended with projection of the mixture; but no per¬ 
manent gas is evolved, excepting perhaps a little ammonia. The brown- 
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red mixture exhibits, instead of the pungent odour of oil of mustard, 
merely a mild garlic odour; deposits, after a while, crystals of mono- 
carbonate of potash with 2 At. water; and when decanted from these 
crystals and mixed with water, is resolved, with milky turbidity, into 
equeous sulphosinapic acid (p. 33), holding in solution a certain quan¬ 
tity of oil which may be dissolved out by ether, and an oil which sinks 
to the bottom, and if the mixture has been heated to the boiling point, 
is dark-coloured, and contains insoluble flakes. (Will.) 

The peculiar oil obtained by keeping the mixture cold, when sepa¬ 
rated from the aqueous sulphuric acid by collecting it on a wet filter, 
purified from potash by washing with water, rectified with solution of 
common salt, and freed from the water which makes it turbid, by stand¬ 
ing for several days over chloride of calcium, and decantation, is 
transparent and colourless; ha3 a density of 1*036 at 14°; has a mild 
alliaceous odour; a taste which is not burning but cooling; boils between 
115° and 118°; but is partially decomposed by distillation, even in a 
stream of gas, ammonia being formed, as shown by the vapour browning 
turmeric paper slightly, and a brown resin remaining, which gives off a 
large quantity of ammonia when more strongly heated, and from which, 
by continued boiling with water, a volatile alkaloid, not yet further 
examined, may be extracted. The oil, when boiled with baryta-water, 
forms snlpbide of barium, and a non-volatile substance which remains 
in solution and appears to he an alkaloid. From lead and silver salts 
it -also precipitates the sulphides on boiling. It forms a precipitate 
with alcoholic corrosive sublimate, and if the solution be not too dilute, 
likewise with alcoholic bichloride of tin. It is sparingly soluble in 
water, but dissolves in all proportions, in alcohol and ether. (Will.) 


Will. Will. 
The oil once , twice, 


28 C. 168 .... 50*76 .... 50*35 .... 50*20 

3 N. 42 .... 12*69 ... 12*30 .... 10*40 

25 H . 25 ... 7*55 .... 7*88 .... 7*84 

4 S. 64 .... 19*33 .... 20*50 

4 O \ . 32 .... 9*67 ... 8*97 


C2S N 3 H25S4Q 4 .. 331 .... 100*00 .... 100*00 


Will. 

three times 
rectified . 

9*73 


As the oil gives off ammonia at each rectification, whereby the amount of nitrogen 
is principally diminished, it is probable that the original oil, before the first rectification 
was C 2s N 3 H 25 S 4 O l + NH J = C»N 4 H‘W, or divided by 2 : C 14 N 2 H 14 $ 2 0 2 , and therefore 
C li N 2 H 12 0 2 (sinapoline) + 2HS (Will). 

According to this assumption, the equation for the decomposition of oil of mustard 
by alcoholic potash should be the following : 

3C S NH 5 S 2 + 3KO + 5HO » 2(K0,C0 2 ) + C 8 NH fi KS 4 + C 14 N 2 H 14 S 2 0 2 (Will.) 

11. When oil of mustard is mixed with pulverized soda-lime , and 
heated for some time to 120° in a sealed tube, the sharp mustard odour 
is found, on opening the tube, to be replaced by an aromatic alliaceous 
odour ; and on distilling the liquid, oxide of allyl (ix. 363,) is ob¬ 
tained, while sulphocyanide of sodium remains, often mixed with sul¬ 
phide of sodium, produced by the secondary action of the excess of soda 
on the sulphocyanide of sodium. (Wertheim.) 


C 8 NH 5 S 2 + NaO = C’H s O + C 2 NNaS 2 . 
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Pulverized hydrate of potash acts In the cold upon oil of mustard; 
just like alcoholic potash; but the products do not come out so pure, 
because it is more difficult to prevent the temperature from rising too 
high. In this case also the potassium-salt C 6 NH 6 KS 4 is produced with¬ 
out any evolution of gas, but no sulphocyanide of potassium. The mass 
dissolved in water, and slightly supersaturated with acid, sometimes 
shows a slight reddening with ferric salts: but the colour is altogether 
different from that which is produced by sulphocyanide oi potassium, 
and disappears on the addition of more acid. (Will.) — Even when oil of 
mustard is heated with hydrate of potash, whereby violent action and 
ebullition are produced, no hydrogen is evolved, but only ammonia, and 
the residue contains C s ^ r H 6 KS 4 . (Will.) Hydrate of potash, thrown in 
pieces into oil of mustard, produces a violent action, evolves hydrogen, 
and forms a potash-salt soluble in water and alcohol, the acid of which 
is oily and floats on water without dissolving. (Boutron & Fremy.) 

12. Oil of mustard and monosulphide of potassium , heated together 
for sometime to 100 D in a sealed tube, yield a distillate of oil of garlic, 
and a residue of sulphocyanide of potassium. (Wertlicim.) 


C a NH s S 3 + KS = C G H 5 S + C-NKS 2 . 


If a polysulphide of potassium he used, crystalline needles sublime, con¬ 
sisting probably of an oil of garlic v T ith a larger amount of sulphur. 
(Wertheim.) 

13. Potassium acts upon oil of mustard, even at ordinary tempera¬ 
tures, with evolution of gas, and when heated produces a fiery explo¬ 
sion. When this does not take place, sulphocyanide of potassium 
appears to be formed, together with an oil different from oil of mustard. 

— Potassium immersed in the oil, becomes covered with gas-bubbles, and 
forms a brown mixture; when the mixture is gently heated in closed 
(hut not in open vessels), a slight fiery explosion takes place, accom¬ 
panied by black smoke and evolution of ammonia; and the residue, if 
more strongly heated, gives off a small quantity of gas which burns with 
a red flame, and leaves sulphocyanide and sulphide of potassium, mixed 
with charcoal. (Aschoff.) — Oil of mustard, even when dehydrated by 
chloride of calcium and then rectified, acts immediately on potassium at 
ordinary temperatures, the action being accelerated by gentle beating in 
a retort (if too strongly heated the liquid would take fire). The mass 
becomes slightly coloured; gives off a gas not yet examined; yields a 
distillate of oil of garlic [or something similar], and leaves a white residue 
of sulphocyanide of potassium. The oil thus obtained is colourless; exhi¬ 
bits the odour and reactions of oil of garlic, giving a black percipitate 
with nitrate silver, white with corrosive sublimate, and yellow with 
bichloride of platinum; and contains 58*8 in c. C, and 8*4 PI. But 
when rectified with potassium, it gives up more sulphur to that metal. 
The resulting sulphocyanide of potassium forms with a mixture of fer¬ 
rous and cupric sulphates, a white precipitate uneonfaminated either 
with cyanide or sulphide of copper. (Gerhardt.) [As the evolved gas was not 
examined, Gerhardt gives no equation for this dec imposition. As oil of mustard con¬ 
tains only 2 S, oil of garlic 1 8, and sulphocyanide of potassium 2 S, the reaction is 
not very intelligible. Moreover, Gerhardt’s oil differs fiom oil of gailic in many 
respects.] Compare Liebig. (Ami Pharm. 67, 116.) 

14. 0)1 of mustard coats certain of the heavy metals with sulphide. 

— The oil, shaken up with water and mercury, blackens the mercury 
immediately, but nevertheless retains its pungent odour for several days, 
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and yields by distillation a pungent oil, still containing a large quantity 
of sulphur. (Boutron & Eobiquet.) In contact with mercury and oxygen 
gas, it forms sulphide of mercury, becomes thicker, and acquires the 
power of reddening litmus. (Aschoff.) In the preparation of oil of 
mustard, the still becomes coated with sulphide of copper, not, however, 
if the distillation be performed with steam. (Wittstock.) 

15 . In contact with ammonia , oil of mustard is immediately con¬ 
verted into thiosinnamine (p. 57). 

IT It absorbs ethylaminc with great rapidity, and is converted into 
t/iiosinethylamine (p. 61); it appears to act in a similar manner on 
methylamine, propylamine, and amylamiue. (Hinterherger, Ann . Pharm. 
S3, 346.) 

17. With aniline and nopiUhalidine, it forms compounds which do 
not appear to be of basic nature. (Zinin, Ann. Pharm. 85, 328.) IF 

Combinations. — The oil, when it has not been dried with chloride of 
calcium, contains in solution a small quantity of water, and therefore 
becomes turbid in the cold (Wittstock). — It dissolves sparingly in 
water j this mustard-water is obtained in the preparation of oil of 
mustard. 

With the aid of heat it dissolves a very large quantity of phos- 
prftorus, which, on cooling, first separates in the liquid form, and then 
solidifies at a temperature below 43°. (Fontenelle, Dumas & Pelouze.) 

With the aid of heat, it dissolves a very large quantity of sulphur,, 
which crystallizes out on cooling. (Font. Diim. & Pel.) 

IF Mustard-oil with [Sulphide of Potassium. *— a. C 8 NH 5 S 2 ,2KS:— 
Deposited in the form of a white granular salt, on mixing an alcoholic 
solution of monosulphido of potassium with oil of mustard, the former 
slightly in excess, and evaporating at a gentle heat. Gives off oil of 
mustard when heated, but does not change colour. (Will. Ann. Pharm. 
92/ 62.) 

Will. 

8 C . 48*0 .. . 22-92 

N . . 14*0 . 6*G8 

5 H. 5 0 . . 2*39 

4 S . 04-0 . 30*57 

2 IC . 78*4 . 37*44 .... 39*2 

C s NH'-S-,2i:S. 209*4 10Q-00 

b. C 8 NH 5 S : ,KS. — Separates from the mother-liquor of the salt a , 
when left to stand in vacuo over oil of vitriol, in needle-shaped crystals, 
having a scarcely perceptible yellowish tinge. (Will.) 


Will, 


s c . 


. 31*13 



N . 

. 14*0 . 

9’08 



5 H .. 

. 5*0 . 

. 3*24 



3 S . 

. 48*0 . 

. 31*13 



K 

. 39*2 . 

. 25*42 . 

. 25*5 .... 

.... 25*0 

C 8 NIi 5 S 2 ,KS. 

. 154*2 . 

.. 100*00 




Mustard-oil with Sulphide of Barium — C s 2n H 5 S*,2BaS. — When 
oil of mustard is gradually added to a warm yellow solution of sulphide 
of barium (as obtained by treating the crude sulphide with water), till 
its odour remains permanent, the filtered liquid yields on cooling colour- 
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less or slightly yellowish laminae, which crumble to a white powder when 
exposed to the air. The salt smells of mustard-oil, and burns with a 
glimmering light when somewhat strongly heated. Precipitated from the 
aqueous solution by alcohol. Crystallizes with 2 At. and with 6 At. 
water. (Will. Ann, Pharm, 92,, 65.) 



With 2 At. Water. 

Will. 

3 C . 

48-0 . 

. 16*77 


N . 

14*0 . 

. 4'89 


7 H. 

7*0 . 

2*45 


4 S . 

64*0 . 

. 22*36 


2 0 . 

16*0 

. 5*59 


2 Ba. 

137*2 

47*94 

49*1 .. 47*3 

C s NH 3 S 2 ,2BaS + 2Aq 

286*2 

. 100*00 



With 6 At. Water. Will. 


8 C ...... . 

48*0 

. . 14*90 

N 

. 14*0 . 

. 4*05 

11 H . 

. 11*0 

3*41 

4 S. 

. 64*0 . 

, . 19*86 

GO . 

. 48*0 . 

. 14 90 

2 Ba 

137*2 

. 42*88 

C 3 NH 5 S-,2BaS + 6Aq. 

322*2 . 

. 100*00 


Mustard-water forms with mercurous nitrate a white precipitate 
(Hornemann), which turns grey (Aschoff). It likewise forms a white 
precipitate with mercuric nitrate, and, after a while, with corrosive sub¬ 
limate. (Hornemann.) Oil of mustard dissolved in alcohol, forms with 
corrosive sublimate, a precipitate which contains mercury and chlorine 
in unequal numbers of atoms. (Will.) 

Under certain circumstances, a crystallizable compound of oil of 
mustard with bichloride of platinum may be obtained, which, in presence 
of water, is gradually decomposed, with evolution of carbonic acid, and 
formation of a dark pulverulent body. (Will.) 

Oil of mustard dissolves very readily in alcohol and ether. (Pumas & 
Pelouze, Faure & others.) 


Appendix to Oil op Mustard. 

I. Formation of Oil of Mustard. 

Boutron & Bobiquet. J. Phcmn . IT, 294; abstr. Schw . 63, 94. 
Faure. J . Pharm . IT, 299; abstr. Schiu . 63, 101. J. Pharm. 21, 
464. 

Guibourt. J. Pharm . IT, 360. 

Ed. Simon. Pogg. 43, 651; 51, 383. * 

Bussy. J. Pharm . 26, 39; also Ann. Pharm. 34, 223. 

Boutron & Fremt. J. Pharm. 26, 4S; also Ann. Pharm. 34, 230; 

also J. pr. Ckem . 19, 230; J. Pharm. 26, 112. 

Winckler. Jahrb. pr. Pharm. 3, 93. 

Lepage. Jl Ckini. med. 22, 171. 

Oil of mustard does not exist ready formed in cruciferous plants, at 
least not in their dry parts, as in the seeds, especially in the seed of black 
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mustard. (The seed of white mustard does not yield oil of mustard, 
but owes its sharpness to sulphosinapine; it likewise contains myrosin.) 
The production of the oil requires the presence of water, by which the 
mutual action of two substances contained in black mustard is brought 
about. One of these substances is, according to Bussy, Myronic acid } 
(p. 53.) which is present in the form of a potash-salt; the other is 
Myrosin , (p. 54,) a substance closely allied to emulsin, which, in 
presence of water, acts as a ferment on the myronic acid, and forms oil 
of mustard out of it. These propositions are deduced from the follow¬ 
ing experiments, which, on the other hand, are thereby explained. 

The dry powder or flour of black mustard, is inodorous. (Guibourt,) 

When dried over the water-bath, it exhibits the mustard odour 
only at first, so long indeed as it contains moisture. The inodorous 
residue tastes sharp, and when treated with cold water, immediately 
gives off the strong odour of mustard. (Faure.) 

The fat oil expressed from dry mustard-flour is mild; that obtained 
from the wet powder has a strong mustard-odour. (Faure.) Mustard- 
flour moistened either with cold or with luke-warm water, soon exhi¬ 
bits its sharpness, the more quickly indeed as the water is warmer. 
(Faure.) 

Scurvy-grass loses all its odour when dried, and if distilled with 
water, yields an insipid distillate; but when distilled, even after the 
lapse of a year, with the cold aqueous infusion of white mustard (or 
with L pt. of the powder of white mustard), it yields an acrid oil. It, 
therefore, contains myronic acid, even after drying; but its emulsion¬ 
like substance must have lost its power by drying. (Simon.)—With 
recently dried parts of plants, the addition of white mustard-flour is by 
no means necessary. If dried horse-radish, scurvy-grass, or cress, after 
fourteen days' keeping, be immediately heated with water, an insipid 
distillate is obtained; but if before distillation, it be macerated in water 
for 24 hours, the distillate is as strong as that obtained from the fresh 
plant. But if the plant be subjected to the same treatment after half 
a year’s drying, the distillate obtained from horse-radish and scurvy-grass 
is less powerful, unless an emulsion of white mustard be added before the 
distillation. (Lepage.) 

Mustard-flour heated till it begins*to roast, no longer exhibits any 
sharpness on being mixed with water. (Faure.) — So likewise the 
strongly heated seeds of various kinds of Lepidium. (Pless.) 

The cold aqueous infusion of mustard-flour smells strongly of mustard, 
tastes sharp and bitterish, reddens litmus, and deposits a coagulated 
albuminous substance when heated. (Faure.) — The coagulation takes 
place at 70° to 80°. (Boutron & Fremy.) 

When mustard-flour is introduced into a tubulated retort, containing 
water at 75° to 80°, no mustard-oil is obtained by distillation, but an 
insipid distillate; if the water be at 60°, a tolerably large quantity of 
oil is obtained; but water under 50° yields the entire quantity. Hence 
mustard-paste prepared with boiling water, is inactive, the emulsion¬ 
like matter being coagulated by the hot water, and thereby losing its 
power of producing mustard-oil. (Faure.) 

If the mustard-flour be macerated for some hours in cold water before 
distillation, till the myrosin is dissolved, and has eliminated the mustard- 
oil from the myronate of potash, the whole of the mustard-oil is obtained 
by distillation; but the more quickly the water is heated to the boiliug 
point in contact with the mustard-flour, and the myrosin thereby coagulated 
before it has time to act on the myronate of potash, the smaller is the 
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quantity of oil obtained; lienee also no oil is obtained by distilling 
mustard-flour in Beindorf’s apparatus with, the vapour of boiling watei. 
(Hesse, Ann . Fharm. 14*41.) . 

Entire mustard-seeds distilled with water, yield no mustard-oil;. but 
if they are boiled with water for five minutes, then dried and biuised, 
they no longer exhibit any sharpness when treated with cold water. 
(Faure.) 

The aqueous decoction of black mustard-flour does not emit any 
odour of mustard when mixed w T ith white mustard-flour or its. cold, 
aqueous infusion. (Robiquet & Bussy.) Similarly with the decoction of 
horse-radish, scurvy-grass, or cress, when mixed with an emulsion of 
white mustard. (Lepage.) 

Chlorine-water, dilute sulphuric acid, and other mineral acids, coagu¬ 
late the emulsion-like substance, and consequently neither produce sharp¬ 
ness nor yield any acrid distillate. (Boutron & Robiquet; Faure.) —• 
But the sharpness of mustard-flour macerated with cold water, is by no 
means removed by dilute sulphuric acid. (Faure.) 

Dilute solutions of alkali-salts evolve the sharpness from mustard- 
flour. (Faure.) Aqueous solutions of copxier and mercury-salts (and of 
silver-salts, according to Lepage,) produce no sharpness with mustard- 
flour. (Faure.) 

With dilute carbonate of potash, mustard-flour emits, not a sharp 
odour, but an odour like that of melilot , and afterwards an hepatic odour; 
it does not yield any acrid distillate. (Boutron & Robiquet.) Aqueous 
caustic alkalis likewise emit no sharpness; and the mustard-flour, which 
is thereby coloured dark yellow, does not yield mustard-oil, if subse¬ 
quently washed with water and distilled. (Faure.) 

Mustard-flour forms with vinegar neither a sharper nor a milder paste 
than with water. (Boutron & Robiquet.) Vinegar almost wholly pre¬ 
vents the development of the acrid quality. (Guibourt.) 

Mustard-flbur, mixed with at least twice its weight of powdered 
nurgalls, does not exhibit any sharpness on addition of water, because the 
emulsion-like substance is coagulated by tbe tannin. (Faure.) Mustard- 
flour does not form an acrid paste with alcohol. When exhausted with 
alcohol, it yields a slightly bitter but not acrid tincture, and an insipid 
powder, which no longer exhibits any acridity when mixed with water. 
(Boutron & Robiquet, Faure.) But after immersion in water for a day 
or two, the tasteless powder again emits the sharp mustard-odour. 
(Bnssy.) [The myrosin which has been coagulated by the alcohol, is, 
probably, restored to activity by long contact with water.] When the 
mustard-flour which has been exhausted with alcohol, is well boiled 
with water, a bitter decoction [containing myronate of potash] is 
obtained, which, after cooling, yields a large quantity of mustard-oil 
with the emulsion of white mustard [containing myrosin], but not with 
the emulsion of sweet almonds or linseed. (Boutron & Fremy.) — The 
seed of various species of Lepidmm, after exhaustion with alcohol, no 
longer exhibits any acridity when treated with water. (Pless.) When 
horse-radish, scurvy-grass, or cress is exhausted, after drying, with cold 
85 per cent, alcohol, and the alcoholic extract is dissolved in water, 
the solution yields, with emulsion of white mustard, a certain quantity 
of mustard-oil; and the plant, after exhaustion with alcohol, still yields, 
with the same emulsion, a large quantity of oil. (Lepage.) [The alcohol 
probably dissolves only part of the myronic acid.] 

Ether does not deprive mustard-flour of the capability of producing 
mustard-oil with water. (Faure.) 
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Myronic Acid, 

Mijronsiiure, Acide myronique; from pvpov, sweet-smelling ointment!—Occurs 
in black mustard, in combination with potash. 

Preparation, Black mustard-flour is dried at 100°, the fat oil pressed 
out as completely as possible, and the residue exhausted first in the 
strainer, at the temperature of the air, and then with 85 per cent, alco¬ 
hol at 50° or 60°. The alcohol removes a certain quantity of foreign 
matter, which would impede the crystallization of the myronate of pot¬ 
ash, and likewise a very small quantity of myronate of potash, which 
may, however be recovered by evaporating the alcoholic infusion, exhaust¬ 
ing the extract with water, and evaporating the filtrate. The mustard 
which has been exhausted with alcohol, if freed from alcohol under the 
press, and treated with water, either warm or cold, gives up to the water 
the myronate of potash, which may then be obtained in the colourless state 
by evaporating the filtrate to a thin extract at a gentle heat, exhausting 
with weak alcohol, which separates a viscid substance, evaporating the 
alcoholic filtrate, and washing the resulting crystals with weak alcohol. 
The acid may be obtained from the potash-salt, either by mixing the 
aqueous solutions of 100 pts. myronate of potash and 88 pts. tartaric 
acid, evaporating to a certain extent, and extracting the myronic acid 
with alcohol; or, which is better, converting the potash-salt into a baryta- 
salt, and precipitating its aqueous solution with an equivalent quantity 
of sulphuric acid. (Respecting this preparation, compare E. Simon, Pogy . 51, 
383, and Win cider, Jahrb. pr. Pharm. 3, 93). — Lepage did not succeed in preparing 
myronate of potash from horse-radish. 

The colourless aqueous acid thus obtained, leaves, on evaporation, an 
inodorous, bitter, and sour, uncrystallizable syrup, which reddens litmus 
strongly. 

It contains O, N, H, S, and O. 

It decomposes when more strongly heated, yielding various volatile 
products. — Its dilute solution, when boiled for some time, gives off sul¬ 
phuretted hydrogen. — With aqueous myrosin it yields oil of mustard. 

The Myronatea are inodorous. They likewise yield oil of mustard 
with aqueous myrosin. They arc all, even the baryta, lead and silver- 
salts, soluble in water. The ammonia, potash, soda, and baryta-salts are 
crystallizable. The potash-salt forms large, transparent, colourless 
crystals, which are neutral, permanent in the air, have a cooling and 
bitter taste, neither give off water nor undergo any other change at 100°, 
hut fuse at a stronger heat, swelling up, giving off an odour like that of 
burnt gunpowder, and leaving first a tumefied charcoal, and then sulphate 
of potash. Hot nitric acid acts upon the potash-salt with evolution of red 
fumes, and forms sulphate of potash. Weak alcohol dissolves a small 
quantity of the potash-salt, absolute alcohol none at all. 

Myronic acid dissolves in alcohol, but is not perceptibly soluble in 
ether. (Bussy.) 
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Myrosin,, 

The emulsion-like substance in black and white mustard-seed. The 
seed of Rapkanus sntivus , Brassica Xapus, oleracea and campesiris, 
Erysimum Alliaria , Cheiranthns Cheiri, Drciba verna. Carclamhie pratensis 
and amara and Thlaspi arvense , likewise contain myrosin. (Lepage.) 

Pulverized white mustard is exhausted with cold water; the filtrate 
evaporated to a syrup, at a temperature below 40°; the syrup preci¬ 
pitated by a moderate quantity of alcohol; the precipitate dissolved in 
water after the alcohol has been poured off, and the solution evaporated 
to dryness, at a temperature below 40°. 

Myrosin, as thus obtained, resembles other protein-compounds. 
When incinerated, it leaves sulphate of lime. 

In the state of aqueous solution, it is coagulated by heat and also by 
alcohol, and loses its power of eliminating oil of mustard from myronic 
acid; but it recovers this power after immersion in water for 24 to 
48 hours. 

The solution of my rosin mixed with myronates, gives off, after five 
miuutes, a faint odour of mustard-oil, which gradually grows stronger; 
and if the liquid, which has become turbid and perceptibly sour, be then 
distilled, the mustard-oil passes over. The turbidity proceeds from a 
protein-compound, which, when collected on a filter, appears like a white 
cream, and under the microscope is seen to consist of small globules like 
those of beer-yeast; this substance does not eliminate mustard-oil from 
myronate of potash. — Myrosin does not eliminate hydrocyanic acid 
from amvgdalin: neither, on the other hand, does synaptase (the emul¬ 
sion of almonds), evolve mustard-oil from the myronates. 

The aqueous solution of myrosin is transparent, colourless, and gummy, 
and froths when agitated. (Bussy, J. Rharm. 26, 44; comp. Winckler, 
Jahrb. pr. Pharm. 3, 93). 


2. Oils related to Oil of Mustard . 

Many of the oils obtained from cruciferous plants by distillation with 
water exhibit, to a certain extent, the same chemical relations as oil of 
mustard, the slight difierences of odour perhaps arising from the pre¬ 
sence of small quantities of other oils. In several oils obtained from 
cruciferae^ considerable quantities of garlic-oil may be detected. Others 
again exhibit quite peculiar chemical characters. But they all appear to 
agree with mustard-oil in containing nitrogen and sulphur. 


A. 


Oils nearly identical iviih Oil of Mustard. 


a. Oil of Horse-radish. — Obtained from the root of Cochlearia Armo- 

racm, by making it into a paste and distilling it per se. (Einkof.)_The 

oil exists in the root ready formed, and exhibits its odour immediately 
ontntnratmg the root. If the distillation be performed in a copper 
still with a tm head, only a small quantity of oil is obtained, in conse¬ 
quence of the formation of metallic sulphide; hence it is best to distil 
3 pts. of the finely chopped root with 2 pts. of water in a glass vessel; 
100 pts. of the root thus treated, yield about 0*05 pts. of crude oil, 
which must be rectified with water, and dried over chloride of calcium 
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The purified oil is colourless or very pale yellow; has a density of 1*01; 
smells like oil of mustard; and contains 48*41 p. c. C and 5*20 H, 
(Hubatka.) The crude oil is light yellowy of the consistence of cinnamon- 
oil, and sinks in water; it evaporates quickly, and has an intolerable 
odour of horse-radish, so strong indeed that a drop of It is sufficient to 
fill a room with the odour; tastes sweet at fir&t, afterwards sharp and 
burning, and inflames the lips and tongue. (Einhof.)—When the oil is 
kept for a year under water in a closed vessel, it disappears, and silvery 
needles are formed, which smell like horse-radish, excite irritation in the 
throat, melt when heated, exhaling an odour, first of horse-radish, then 
of peppermint, then of camphor, and volatilize at the same time com¬ 
pletely; they dissolve but slowly in alcohol. (Einhof.) — The pure oil 
acquires, after a time, a deeper yellow colour. When it is treated with 
nitric acid, a violent evolution of nitric oxide takes place, and a porous 
substance [nitrosinapylic acid?] separates out; but long-continued action 
is required to convert the sulphur completely into sulphuric acid. Oil of 
vitriol acts violently on the oil, with evolution of sulphurous acid. 
Chlorine gas converts the oil, with formation of hydrochloric acid and 
chloride of sulphur, into a thick dark mass, which melts at 100°, and 
when treated with alcohol, leaves a viscid insoluble residue, smelling like 
melted sulphur. Horse-radish oil not only yields sinapoline with hydrated 
oxide of lead, but likewise thiosinnamine with ammonia. (Hubatka.) 
— The solution of horse-radish oil in water is neutral, forms a brown 
precipitate with neutral acetate of lead, and black with nitrate of silver, 
The oil dissolves readily in alcohol. (Einhof, E. Gehl . 5, 365.) Hubatka, 
Ann. PJiarm. 47, 153; see also Tingry, OrelL Ann. 1790, 2, 68; Gutret, 
Crell. Ann, 1792, 2, 180. 

b. Oil of Scurvy-grass.- —Obtained from the fresh herb of Cochlear ia 
off. The dry herb does not yield any oil by distillation with water, unless 
it be previously mixed with white mustard-flour. The oil is exactly 
like oil of mustard, but does not boil below 156° to 159°, (E. Simon, 
N. Br . Arch. 29, 185; Pogg. 50, 377.) The oil is yellowish, heavier 
than water, has a transient penetrating odour, and a very sharp taste. 
(Bucliolz.) It is brownish yellow and lighter than water. (Reyband, 
J. Pkarm . 20, 453.) By 2 pts. of fuming nitric acid it is converted into 
a soft resin. (Hasse.) This oil, like oil of mustard, yields sinapoline 
with hydrated oxide of lead, and thiosinnamine with ammonia, and the 
thiosinnamine thus formed likewise yields hydrosulphocyanic acid by dis¬ 
tillation with dilute sulphuric acid, and sinnamine! when treated with 
hydrated oxide of lead. (E. Simon.) — The solutiou of the oil in alcohol, 
the Spiriius Gochlearice , deposits, when kept for some time, colourless, 
inodorous, warm-tasting, very delicate needles, which, when heated, emit 
a strong odour of horseradish, and blacken a silver needle; are decom¬ 
posed by nitric acid, giving off, first nitrous fumes with effervescence, 
and then an odour of bitter almonds; and dissolve in oil of vitriol, hydro¬ 
chloric acid and potash. (Riem. Jahrb. pralct. Plmrm. 1, 327.) The 
Spiritus Cochlearice comp, deposits crystals of sulphur. (Lepage, J. Chim . 
med. 17, 293.) 

c. Oil from the root of Erysimum Alliaria (Alliaria of.) The 
root in spring, before the leaves are developed, smells like horse-radish, 
and, when fresh cut and distilled with water in a glass retort, yields 
0*03 p. c. of an oil resembling oil of mustard, and forming thiosinnamine 
with ammonia. — The leaves of this plant, on the contrary, smell of 
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garlic, and yield by distillation with -water, a watery liquid, having the 
smell and taste of garlic. Perhaps many cruciferous plants first pio- 
duce oxide of ally!, which Is subsequently transformed, in the roots into 
sulphocyanide of allyl (oil of mustard), and in the leaves into sulphide 
of allyl (oil of garlic). (Wertlieim, Ann . JPharm . 52, 52.) lb e seed 
of Erysimum All. from sunny situations, yields only oil of mustard; that 
from other situations 0*6 p. c. of a mixture of 00 p. c.ynustard oil, and 
10 p. c. garlic-oil. (Pless. Ann. Eharm. 5S. 38.) 

cl. Oil from the herb and seed of Iberis amarci. — Behaves like oil of 
mustard. (Pless.) 

B. Mixtures of the Oils of Mustard ccnd Garlic , 

Already mentioned (ix., 572, 373). 

C. Peculiar Oils. 

a. Oil of Cress. —The herb of Lepidium ruderale. and the inodorous 
seed of Lepidium ruderale , sativum, and campestre, bruised and macerated 
In water, yield by distillation a milky water, from which, by repeated 
fractional rectification in glass vessels, (inasmuch as copper exerts a 
decomposing action), a yellow oil may be obtained.^ ibis oil, after 
further rectification, is colourless, but turns yellow again on exposure to 
light. It is heavier than water, neutral, exhibits the refreshing but 
somewhat alliaceous odour and biting taste of water-cresses, and, when 
its vapour is inhaled in rather large quantity, produces dryness in the 
throat and liead-acbe. It cannot be distilled undecomposed without 
water. By oxidation with nitric acid, it yields sulphuric acid. With 
mercurous nitrate it forms a black precipitate of sulphide of mercury; 
with corrosive sublimate a white precipitate; with nitrate of silver, 
sometimes white, sometimes black; with bichloride of platinum in alco¬ 
holic solution, an orange-yellow precipitate after a while. Aqueous pot¬ 
ash and ammonia have no action on this oil. It dissolves with red colour 
in oil of vitriol, and maybe separated again by water. It dissolves 
slowly in water, readily in alcohol and ether. (Pless, Ann. JPharni . 
58, 36.) 

The fresh leaves of Lepidium lot folium yield by distillation with 
water, a neutral oil heavier than water, together with a milky, strong- 
smelling and sharp-tasting water, which loses its sharpness by exposure 
to the air, and likewise in a few hours after being mixed with chlorine 
(whereupon it precipitates chloride of barium); it gradually forms a black 
precipitate with nitrate of silver; blackens metallic silver after a while; 
and is deprived of its taste and odour by charcoal powder. (Steudcl, 
Dm. cle Acredine nonmill. Vegetal. Tubing. 1805.) 

b. Oil of Radish. — The root and seed of Raphcums sativus yield with 
water a milky distillate, from which a small quantity of oil may be 
obtained by rectification. This oil is colourless, heavier than water, and 
has the taste but not the smell of radishes. It contains sulphur. It 
forms a white precipitate with corrosive sublimate ancl yellow with 
bichloride of platinum. It dissolves with tolerable facility in water. 
(Pless.) 

The same oil is obtained by distilling with water the seeds of Brcmica 
3apus, Cochlear ia Dr aba, and Gheiranthus annum. (Pless.) 
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3. Peculiar Acid obtained from Mustard . 

Black mnstard ; whether previously exhausted with alcohol or not, 
or scurvy grass, or horse-radish, is digested in water containing a small 
quantity of carbonate of soda, the liquid distilled with sulphuric acid, 
the distillate neutralised with soda, and again distilled with sulphuric 
acid after sufficient evaporation. 

The aqueous acid thus obtained precipitates silver from the solution 
of the nitrate, like formic acid. But its salts crystallize less easily and 
less soluble than the formiates; the lead-salt dissolves in 4 or 5 pts, of 
water. 


jB. Nitrogen-nucleus. C 8 NAdHh 

Thiosinnamine. 

C®N S H 8 S 8 = C 8 NAdH^H s S a . 

Dumas & Pelouze; Aschoff; Hobiquet & Bussy; Lowig & Weid- 
mann: in the memoirs cited under oil of mustard. 

Ed. Simon. Fogg. 50, 377. 

Scnf ol-ctmmoniah , Bhodallin .—Discovered by Dumas & Pelouze in 1834. 

Formation , Oil of mustard absorbs ammoniacal gas in large quantity, 
aud forms with it thiosinnamine without separation of any substance 
whatever; it behaves in the same w T ay with aqueous ammonia, in which 
indeed it is converted into a crystalline mass of thiosinnamine. (Dumas 
& Pelonze.) 

C S NH 5 S 2 + Nil 3 = C s N : Il a 3 2 . 

The formation of a small quantity of sulpliocyanide of ammonium in this 
reaction is merely accidental. Since oil of mustard cannot be recovered 
from thiosinnamine by the action of either acids or alkalis, and as 
thiosinnamine does not give off ammonia when treated with cold potash, 
and but slowly when treated with boiling potash, the arrangement of the 
atoms must have been altered in its formation, and an amidogcn-com- 
pound produced. (Dumas & Pelonze.) This supposition is corroborated 
by the fact that whereas oil of mustard, when treated with hydrated 
oxide of lead, &c., loses carbon and sulphur,* thiosinnamine is by the 
same reagents deprived of sulphur only. (Will.) 

' Preparation. 1. By saturating oil of mustard with ammoniacal gas, 
(Dumas <fc Pelouze.) — By placing oil of mustard together with excess of 
ammonia in a closed bottle, till it is completely converted into a crys¬ 
talline mass; dissolving this mass in water; decolorizing it with animal 
charcoal; then filtering; and bringing it to the crystallizing point by 
evaporation and cooling. (Dumas & Pelouze.) — To 1 vol. oil of mustard, 
3 or 4 vol. strong ammonia may be taken. If the non-rectified oil he 
used, the mother-liquor decanted from the crystalline mass is coloured 
by a resinous substance; but, when freed frum this impurity by boiling 
with animal charcoal, it yields crystals of thiosinnamine to the last drop. 
If it be not decolorized, the crystals obtained are less pure, but larger 
and more developed. (Will.) The two liquids need not be agitated 
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together. As soon as the crystals are completely formed, the excess of 
ammonia should be left to evaporate in the air. (Robiquet and Bussy.) — 
The crystals first obtained are yellowish, and contaminated with a large 
quantity of sulpliocyanide of ammonium: they may be purified by repeated 
crystallization from water and by animal charcoal. If the ammonia be 
allowed to act gradually and in small portions on the oil of mustard, the 
quantity of thiosinnamine obtained is smaller, especially if the mixture 
be frequently heated; and there remains an oil, having no longer a sharp, 
but rather a sulphurous odour. (Aschoff.) 

Properties. White shining rhombic prisms. (Dumas & Pelouzc.) 
Prisms belonging to the right prismatic system, exactly similar to those 
of formiate of baryta. (Will.) Oblique rhombic prisms often having the 
base very much developed, and the obtuse edges of the rhomboidal faces 
replaced by several planes parallel to the diagonal of the base which 
joins the acute edges of the prism. (Bertheiot & Do Luca. JV\ Ann . 
' Ckim . Phys. 44, 498.)—Melts at 70° (Dumas & Pelouzc), at 74? 
(Wertheim), to a colourless liquid (Will), which on cooling solidifies in 
a white enamel-like mass (Aschoff), or in a radiating mass (Wertheim). 
— Cannot be volatilized without decomposition. (Will.) — Inodorous 
and bitter. (Dumas & Pelouze.) In moderate doses, it does not exert a 
poisonous action on the human organism, but nevertheless produces 
palpitation of the heart, sleeplessness, &c. (Wohler & Frerichs, Ann. 
Pharm. 65, 342.) Neutral to vegetable colours. (xAschoff, ftobiquet & 
Bussy, Will.) — Thiosinnamine prepared from artificial oil of mustard 
(p. 42) exhibits the same properties as that which is obtained from the 
natural oil. (Bertheiot & De Luca: Zinin.) 



Crystallized . 


Will. 

Dum. & Pel. 

Wertheim. 

Hubatka. 

Berthel. 
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De Luca. 
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8*89 • 
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6*99 

7 0 
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C S N 2 H S S 2 116 . .. 100*00 

98*03 
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. . 98*9 


Wertheim analysed the thiosinnamine prepared from Erysimum Alliaria; 
Hubatka, that obtained from Cochlearici off.; Bertheiot & De Luca, that obtained from 
the artificial mustard-oil prepared from iodopropylene. 

Decompositions . 1. Thiosinnamine is decomposed when somewhat 

strongly heeded , leaving a residue of charcoal, and giving off white, 
pungent-smeliing, alkaline fumes, from which drops of oil and hydro- 
sulphocyanic acid condense. (Aschoff.) 

2. The concentrated aqueous solution mixed with chlorine-water ex¬ 
hibits a turbidity which disappears after a while, but is reproduced by 
the addition of more chlorine, then disappears again, and afterwards 

contains hydrochloric, and sulphuric, but no hydrosulphocyanic acid._ 

In like manner, bromine forms with the solution, a white precipitate 
which quickly disappears, and is reproduced on the addition of more 
bromine. When the bromine has been added to the solution till a 
yellowish colour is produced, the liquid deposits a red-brown oil, no 
longer smelling like mustard-oil, while hydrobromie and sulphuric acids 
remain in solution. — A small quantity of iodine dissolves in the con¬ 
centrated solution of thiosinnamine without colour, a larger quantity 
with yellowish colour, depositing a red-brown oil; and the litmus red- 
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dening liquid filtered tlierefroni deposits on boiling a white powder, 
containing sulphur and iodine. (Aschoff) 

3. Nitric acid decomposes thiosinnamine with formation of sulphuric 
acid. (Dumas & Pelouze.) 

4. When thiosinnamine is distilled with dilute phosphoric or sulphuric 
acid,, liydrosulphocyauic acid passes over. (Aschoff, E. Simon.) 

5. Mercuric oxide or lead-oxicle decomposes thiosinnamine, forming 
sinnamine, a metallic sulphide, and water (Robiquet & Bussy, Will): 

C S N 2 H 8 S 2 + 2HgO = C 8 N 2 E 6 + 2HgS + 2HO. 

One pt. of thiosinnamine triturated with 5 pts. of mercuric oxide, quickly 
becomes heated above its melting point, and from the resulting black 
mixture, water or ether extracts sinnamine. (Robiquet <& Bussy). Simi¬ 
larly with oxide of lead anhydrous or hydrated. After the extraction 
of the sinnamine by ether, there remains sulphide of mercury or sulphide 
of lead, mixed with the excess of the metallic oxide, but free from 
carbonic acid and sulphocyanogen. (Will.) — According to E. Simon, 
there is formed, besides sinnamine, another alkaloid, which likewise 
dissolves in water, alcohol and ether, but is of unctuous consistence; but, 
according to Will’s suggestion, this supposed alkaloid is probably 
nothing but basic acetate of lead, inasmuch as the hydrated oxide of 
lead used by Simon may have contained acetic acid. According to 
Marchand & Simon also (J. pr. Chem. 19, 235), thiosinnamine, freed 
from part of its sulphur by the action of hydrated lead-oxide and water, 
yields a filtrate which reddens ferric salts, crystallizes with difficulty, 
and again yields oil of mustard by distillation with sulphuric acid. 

6. Thiosinnamine boiled with fixed alJcalis gives off ammoniacal gas but 
slowly. (Dumas & Pelouze.) —When boiled for some time with baryta- 
water, it slowly deposits carbonate of baryta, while the liquid slowly 
takes up sulphide of barium, and gives off a small quantity of ammonia 
only when the baryta-w T ater becomes somewhat concentrated. The 
remaining liquid, freed from baryta by carbonic acid, yields by evapo¬ 
ration, a very bitter but scarcely alkaline syrup, which appears to 
contain an alkaloid different from sinnamine. (Will.) 

7. Thiosinnamine, heated with piotassiuni till it melts, assumes a 
brown colour; at a higher temperature it detonates slightly, with emis¬ 
sion of black smoke, and forms sulphide and sulpliocyankle of potassium. 
(Aschoff.) 

Aqueous sesquichloride of iron is gradually deprived of its yellow 
colour and acid reaction by thiosinnamine, and deposits black fakes 
when boiled. Sulphate of copper is decolorized by thiosinnamine if not 
too dilute, and alcohol added to the solution throws clown light blue 
flocks. (Will.)—Aqueous thiosinnamine forms with acetate of copper 
a scanty whitish precipitate, which afterwards turns brown; and the 
liquid filtered therefrom assumes, when mixed with protochloride of iron, 
a reddish colour, and yields a copious white precipitate insoluble in 
hydrochloric acid. (Aschoff.) 

Combinations . Thiosinnamine dissolves in cold and much more 
readily in hot water (Dumas & Pelouze, Will); after fusion, it dissolves 
less easily. (Aschoff,)—IT. When thiosinnamine (prepared from natural 
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mustard-oil) is dissolved in "boiling water, tlie solution rarely crystallizes 
on cooling; it may even be kept in capsules exposed to tlie air, without 
depositing crystals; but on stirring the liquid briskly with a glass-rod, 
it solidifies in a mass. Moreover, when thiosinnamine is melted under 
a small quantity of water, it remains at the bottom after cooling in the 
form of a viscous layer which preserves its liquid form for a long time 
if left at rest, but solidifies immediately on agitation. These phenomena 
are sufficiently marked to interfere with the regular crystallization of 
thiosinnamine; hence to effect the crystallization it is advisable to intro¬ 
duce into the tepid liquid a glass rod, having crystals of thiosinnamine 
already attached to it, and so placed that the crystals may he just at 
the upper surface of the liquid or even a little above. (Berihelot & De 
Luca, A 7 . Ann . Chim. Phys. 44, 499). If. 

Hydrochlorate of Thiosinnamine .— 116 pts. of pulverized tliiosinna- 
mlne exposed to the action of a stream of hydrochloric acid gas, and 
gently heated towards the end of the action till fusion takes place, 
absoib 64*S2 pts. of hydrochloric acid. The compound, when exposed 
to moist air, gives off vapours of hydrochloric acid. (Will.) 

TLiosinnamine does not appear to combine with. sulphuric, nitric, oxalic, or acetic 
add . (Will.) 

Mercury-compound. — The hydrochloric acid solution of thiosinnamiuo 
forms with aqueous corrosive sublimate a white curdy precipitate 
soluble in acetic acid; it must be pressed between paper, and dried at a 
gentle heat. (Will.) 


8 C . 

. . . 43*0 . , 

.. 7*30 

Will. 

. 7*92 

2 N 

. 28*0 . 

. 4*26 . 

4*61 

8 H 

. . 8*0 . 

. 1*21 


2 S . 

. 32*0 . 

4*87 


4XIg 

400*0 . 

. 60*83 

60*57 

4 Cl 

141*6 

21*53 

21*22 


C'N-'H^S-^HgCl. 057*6 . 100*00 


Aqueous thiosinnamine forms with mercurous nitrate a grey pre¬ 
cipitate, and with mercuric nitrate, after a while, a white precipitate. 
(Aschoff.) 

Silver-compound. — a. A warm aqueous solution of thiosinnamine 
dissolves a large quantity of recently precipitated chloride of silver, and 
becomes milky on cooling, with separation of a turpentine-likc compound 
of thiosinnamine and chloride of silver. (Will.) 

h. The thick white crystalline precipitate obtained with concentrated 
aqueous solution of thiosinnamine and nitrate of silver, after being washed 
with water, and dried at 100°, is greenish white, and in the dried state 
is but little altered by exposure to light. When decomposed by aqueous 
sulphuretted hydrogen, it yields sulphide of silver and a solution of 
thiosinnamine and nitric acid; hence no mustard-oil is reproduced. 
(Lowig & Weidmann.) 



Dried at 100°. 
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Ascii off formerly made the following statements regarding this com- 
pound: Tkiosiimamine forms with nitrate of silver, if concentrated 
solutions be used, a copious white crystalline coagulum, soluble in excess 
of either reagent. The precipitate turns brown even in the dark, and 
glimmers when heated, evolving a large quantity of cyanogen and leaving 
sulphide of silver. If it be suspended in water and slowly decomposed 
by sulphuretted hydrogen (too rapid decomposition causes rise of tem¬ 
perature and evolution of nitrous fumes), and the liquid then distilled, a 
light yellow oil having the odour of mustard-oil passes over, together 
with an acid liquid. —The precipitate dissolves when slowly washed with 
water, leaving however a black powder probably consisting of sulphide 
of silver; the aqueous solution does not redden ferric salts. The pre¬ 
cipitate dissolves in warm dilute nitric acid, and separates again on 
cooling, provided the liquid be not too dilute, and has not been heated 
too long. Very dilute solutions of thiosinnamine and nitrate of silver 
remain clear when first mixed, but turn brown after a while and yield a 
black precipitate. (Aschoff.) 

Aqueous thiosinnamine forms a yellow-brown precipitate with ter- 
chloride of gold. (Aschoff'.) 

Platinum-compound. — Thiosinnamine saturated with hydrochloric 
acid gas and dissolved in water forms with bichloride of platinum — 
which may contain a certain quantity of free hydrochloric, but no nitric 
acid — at ordinary temperatures, a yellow-red precipitate, which fuses 
and blackens at a gentle heat, and leaves sulphide of platinum when more 
strongly heated. (Will.) 

If the precipitation he performed with warm solutions, or if the 
chloride of platinum be precipitated by thiosinnamine dissolved in water 
and mixed witli hydrochloric acid, the precipitate exhibits the somewhat 
different composition given under b , (Will.) 

Dried at 100°. Will. 
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Thiosinnamine dissolves very readily in ether and alcohol, whence it is 
partially precipitated by water. (Dumas & Pclouze.) 


% TMosinetliylamine. C 12 N”-R 13 S 3 =C B NAd[ c ^ 6 }iPS 2 . 

Hinterberger. Wien, AJcad. Per. 0, 24 9; Ann. Pharm. S3, 34G; 
J. pv. Ohem. 5S, 263; abstr. iV. Ann. Qkim. Phys. 38, 107; Pharm. 
Centr. 1852, 956 . Jahresber, 1852, 629. 

YVeltzien. Ann. Pharm. 94, 103. 

Formation. 1. By the action of ethylamine on mustard-oil, (Hin- 
terberger.) — 2. By the action of iodide of ethyl on thiosinnamine 
(Weltzien.) 
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Preparation , Oil of mustard absorbs gaseous etbylamine with con¬ 
siderable rise of temperature. Liquid etbylamine hisses when dropt 
into mustard-oil; and on adding the oil to liquid ethylamine, it is thrown 
out by the violence of the action. When ethylamine was passed in 
excess into mustard-oil cooled with ice, a thin syrupy liquid was formed 
having the odour of ethylamine, and a bitter aromatic taste. This liquid, 
after standing for some time, became red-brown but did not yield crystals 
or form crystallizable salts with acids; when heated, it gave off white 
fumes, which condensed to oily, alkaline drops, exhibiting a blood-red 
colour with sesquickloride of iron. (Hinterberger.) 

Hydriodate of Thiosinethylamine or Iodide of Thiosinethylammoniwn * 
—"When thiosinnamine and iodide of ethyl are heated together in alco¬ 
holic solution and the liquid evaporated, a white feathery crystalline 
mass resembling sal-ammoniac is obtained, which turns yellow in the air 
from separation of iodine, and dissolves in water, alcohol, and ether, 
(Weltzien.) 
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Hydrochl orate. — Obtained by decomposing the iodide with oxide 
of silver, precipitatiug the excess of the silver from the filtrate with 
hydrochloric acid, and evaporating the filtered solution. The residue 
is a syrupy uncry stall izable mass, soluble in water and alcohol. 
(Weltzien.) 

Platinum-salt. — By saturating the syrupy liquid obtained by the 
action of ethylamine on mustard-oil with dry hydrochloric acid g as, 
dissolving the resulting viscid mass in absolute alcohol, and adding an 
alcoholic solution of bichloride of platinum, yellow needle-shaped crystals 
of the platinum-salt quickly separated; the mother-liquid, when left to 
itself for some time, yielded crystals of more definite shape. (Hinter¬ 
berger.)— Weltzien’s hydrochlorate mixed with chloride of platinum 
yielded a yellow, easily soluble, indistinctly crystalline mass. 

Hinterberger. 

12 C .... . 72*0 . 20*56 

2 N.28*0 . .. 8*00 

13 H . . . 13*0 . 3*71 

2 S . 32*0 * . 9*14 

3 Cl. . .. . 106*2 30*33 

Tt _ . . 99*0 28*26 28*2S 

C^X-H^S^HCljPtCl- 350*2 .. 100*00 ~ 

The salt is sparingly soluble in water and alcohol. (Hinterberger.) 

Hinterberger has also endeavoured to prepare compounds of mustard-oil with 
methylamine, propylamine and am y lam me, but has hitherto obtained nothing but 
syrupy liquids which refuse to crystallize. The platinum-salts of these compounds 
appear however to be crystallizable, If. 





TIIIOSINETHYIAMINE. 


63 


7. Nitrogen-nucleus. C 8 N 2 H 4 . 

Sinnamine. C 8 N 2 H«=C 8 N 2 H 4 ; H 3 . 

Robiqjjet & Bussy; Will. In the memoirs cited under oil of mustard. 
Discovered by Robiquet & Bussy in 1839. 

Formation . In the decomposition of thiosinnamine by mercuric 

oxide or lead-oxide (p. 58). 

Freparation. 1 . One part of thiosinnamine and 5 pts. of mercuric oxide 
are rubbed together, without application of heat; the mass when cold 
exhausted with ether; the filtrate evaporated; the viscid residue dissolved 
in hot water; and the solution left to crystallize. (Robiquet & Bussy.) — 
2. Pulverized thiosinnamine is triturated with recently precipitated, still 
pasty, and well washed hyrated oxide of lead; the mixture heated in the 
water-bath till a sample diluted with water and filtered, no longer pro¬ 
duces a black colour with fresh oxide of lead and potash; the entire 
mass then repeatedly boiled, first with water and then with alcohol, 
because the sinnamine is obstinately retained by the sulphide of lead; 
the whole of the decoctions evaporated to a syrup; and the crystals 
which form after several months taken out, and freed from the syrup by 
gentle pressure between paper. (Will.) The symp is distinguished from the 
crystals by its smaller amount of water; if the hydrated oxide of lead obtained from the 
acetate was not well washed, the syrup contains also basic acetate of lead. (Will.) 

The crytals are freed from their water of crystallization by fusion 
at 100°. 

Properties. Sinnamine dehydrated by fusion is a white, slightly 
crystalline, opaque mass. It is inodorous and tastes strongly and per¬ 
sistently bitter. (Will.) Its aqueous solution has a strong alkaline reac¬ 
tion. (Robiquet <fc Bussy.) 

Dried at 100°. Will. 


8 C . 48 . .. 58*54 . 57*60 

2 N . 28 . 34*13 .... 33*79 

6 H .6 7*31 . 7*49 


C s N s H b . 82 . . 100*00 . 98*94 


Decompositions, i. Sinnamine heated in a retort in the oil-bath, gives 
off ammonia from 160° to 200°, without blackening, and leaves a yellow 
resinous body [C 8 NH 3 ?]. This body is almost insoluble in water, but dis¬ 
solves sparingly in alcohol, forming an alkaline solution. Its solution in 
hydrochloric acid becomes milky when mixed with ammonia, and if 
subsequently heated, again deposits resinous matter; the hydrochloric 
acid solution forms a white precipitate with corrosive sublimate and 
yellow with bichloride of platinum. (Will.) — 2. A cold mixture of 
aqueous sinnamine and hydrochloric acid does not give off ammonia or 
become turbid on the addition of potash; but after the hydrochloric acid 
has been boiled, potash eliminates ammonia from it, and throws down a 
basic substance, which behaves like the resinous body remaining when 
sinnamine is heated. (Will.) Hydrochloric acid gas, passed over the 
crystals is absorbed without fusion; the resulting mass when gently 
heated suddenly emits thick white fumes of sal-ammoniac, and leaves a 
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tumefied residue. (Will.) -—>4. Tlie hydrated crystals exposed to a stream 
of sulphuretted hydrogen gas , quickly assume a sulphur-yellow colour, with¬ 
out losing water, and if then gently heated, melt to a transparent liquid, 
which takes up an additional quantity of sulphuretted hydrogen and 
becomes liver-coloured, but if still subjected to the action of heat, not 
however rising to 1Q0 3 , gives off the water of crystallization, together 
with hydrosulphate of ammonia. Ultimately there remains a trans¬ 
parent, liver-col oured^ inodorous mass, amounting in weight to 94‘SS 
p. c. of the crystals. This mass forms with water or alcohol, a solution, 
which colours lead-salts light-red, and does not precipitate sulphide of 
lead till it is boiled. (Will.) — If this decomposition by sulphuretted 
hydrogen took place according to the equation, 

e:vI-UHO + 2HS = C s NH 4 S + NH 4 S + HO, 
the liver-coloured mass would amount to only ,90 p. c. of the crystals. 

(Will.) 

Combinations. With water . 

a. Syrup. 3C S N 2 H G , HO 1 Remains when the aqueous solution is 
evaporated over the water-bath, or when the crystals are heated for a 
short time. 

Will. Or: Will. 

24 C.144 . 56 47 . . 56*13 

6 IN . . . 84 . 32*04 . 33*24 3C S N~H G 246 .... 95*47... 95*5 

19 H . . .. 19 . 7*45 . 7*61 

O . ... S . 3*14 . 3*02 IIO . 9 . 3*53 ... 3*4 

3C 4 K 2 H 6 ,HO .... 255 . . 100*00 . 10(HH> 255 . 100*00 

b. Crystals. — Separate from the syrup when it is set aside for some 
time (-vieL sup.). White, shining, hard, rhombic prisms belonging to the 
doubly oblique prismatic system. Acute angle of the prisms about 36°. 
The crystals placed in vacuo over oil of vitriol gradually lose their lustre; 
they melt at 100°, and gradually part with their water, being converted 
first into the syrup, and then into anhydrous sinnamine. (Will.) 

Air-dried crystals. 


OTPR 8 ... 82 . . 9011 . . 90*66 

HO. . 9 9*89 9*34 

C 8 X-H G ,HO .~ ...... 91 .... 100*00 ... 100*00 


c. Sinnamine dissolves in water. 

Sinnaraine-salfs .— Sinnamine expels ammonia from ammoniacal salts 
(Robiquet & Bussy, Will); it also precipitates the salts of lead, iron, 
and copper. (Will.) Nevertheless it does not form solid salts with any 
acid except oxalic acid with which it slowly forms crystals. (Will.) 
The acid solutions impart a yellow colour to "fir-wood. (Hofrnan, Ann. 
JBharm. 47, 55.) 

Sinnamine with. Jfercuric Chloride. — The solution of sinnamine in 
aqueous hydrochloric acid forms with excess of aqueous corrosive subli¬ 
mate a precipitate, which on account of its tendency to decompose in 
washing, must he merely collected on a filter, strongly pressed, and dried 
in vacuo over oil of vitriol As it contains 14*89 p. c. C, 55*4S Hp- and 
17*06* Cl, its formula is C*N 2 H G , 2HgCL (Will.) 
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Sinnamine forms with nitrate of silver a soft resinous precipitate. (Will.) 

Platinum-compound. — Aqueous sinnamine mixed with, a small quan¬ 
tity of hydrochloric acid, forms with bichloride of platinum, yellowish 
white flakes, which settle down slowly, so that the liquid filtered after 
standing for several hours, yields a fresh precipitate, and the filtrate from 
that yields another, &c. All the precipitates exhibit about the same 
amount of platifium, viz. about 39*6 p. c, after drying in a current of air 
at 115°; hence the precipitate is perhaps C 8 N 2 H 6 , 2HCl + 2PtCl 2 . (Will.) 
[The much more probable formula: C 8 N-H 6 , PtCl 2 gives 39*3 p. c. platinum.] 

Sinnamine dissolves in ether and in alcohol . (Robiquet & Bussy, Will.) 

Its aqueous solution is precipitated by tannin. (Robiquet & Bussy, 
Will.) 


IT- Sinethylamine. C I2 N a H 10 =C s N 2 | c ^ I5 j ) H 2 . 

Hinterberger. Ann. Pharm. 83, 348. 

Formation and Preparation . By decomposing tkiosinetkylamine wdtk 
hydrated oxide of lead. When the two substances are heated together 
till a filtered sample no longer blackens on the addition of hydrated 
lead-oxide and potash, the resulting mass boiled with water and then 
with alcohol, and the solutions evaporated,—a dark yellow syrupy residue 
is obtained, which becomes almost wholly crystalline after a few months, 
and when pressed between bibulous paper and recrystallized from ether, 
yields pure sinethylaraine. 

Pi'opei'ties. Sinetkylamine crystallizes in needles arranged in 
dendritic groups; tastes very bitter. At 100° it melts into a colourless 
liquid, which when touched with a cold body, quickly solidifies in a crys¬ 
talline mass, the crystallization spreading from the point of contact. 

Mercury-compound. A solution of sinethylamine forms with aqueous 
mercuric chloride a white flocculent precipitate, which, when heated over 
the water-bath, melts to a yellow resinous mass, solidifying in the crystal¬ 
line state on cooling. 


12 C . 

. 72-0 . 

.. 13*95 . 

Hinterberger. 
... . 13 03 

2 N. 

. . . 28*0 ... 

.. 5*44 


10 H . ... 

10*0 . 

. 1*93 . 

. 1*82 

3 Cl 

100*2 . 

.. 20*57 


3 H g . . 

. 300*0 . 

58*11 . 

. 58*05 


C 12 N 2 H 10 ,3HgCl . . . 510*2 .. . 100 00 


Platinum-compound. C 12 N 2 H 10 , HC1 + PtCl 2 .— A solution of sine- 
thylamine in hydrochloric acid forms with bichloride of platinum, reddish 
yellow feathery crystals, yielding by analysis 31*55 p. c. platinum; the 
preceding formula requires 31*24 p. c. 

Sinethylamine is insoluble In water, but dissolves in alcohol and ether, 
forming solutions which have an alkaline reaction. (Hinterberger.) f 

VOL. x. F 
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BUTYLENE SERIES. 

A. Primary Series. 

Primary Nucleus. Butylene. C 8 H 8 , 

Faraday (1825). Phil. Tram. 1825, 440; also Schw. 47, 340 and 441; 

a]so Fogg. 5, SOS. 

Kolbe. Ann. Pharm. 69, 258. 

Bute , Buiyren , moat volatile oil of oil-gas, Ditetryl, Buti/rene, Tetrylene. 

Formation. 1 . By the dry distillation of glycerides. (Faraday.) 
Butylene is also produced, together with caoutchene, and other still less 
volatile oils, in the dry distillation of caoutchouc. (Bouchardat.) — 2 . In 
the decomposition of valerate of lime by the galvanic current. (Kolbe.) — 
3. In the decomposition of valerianic acid vapour at a red heat. (Hof¬ 
mann.) — 4. In the decomposition of butylic alcohol by oil of vitriol or 
by chloride of zinc. (Wurtz, p. 72.) — 5. In the decomposition of iodide 
of butyl by potassium. (Wurtz, p. 72.) 

Preparation. 1 . Oil-gas. prepared on the large scale for illumination/ 
by passing fixed oils and other fats through moderately red-hot iron 
tubes, and consisting of a mixture of several gases, deposits under a 
pressure of 30 atmospheres, a thin oily mixture composed almost entirely 
of butylene, benzin (C 12 H 6 ), and an oil (C 12 H 8 V), which boils at 85*5°. 
(Faraday.)— 1000 cubic feet of oil-gas yield about a gallon of the mix¬ 
ture. It is transparent and colourless; sometimes however green by 
reflected, and yellow-brown by transmitted light; neutral; of sp.gr. 0*821 
at —18°. It burns with a bright flame; is but slowly decomposed by 
nitric acid; and is scarcely soluble in water or in aqueous alkalis, but 
dissolves readily in alcohol and ether. It boils for some time, even at 
ordinary temperatures, as soon as the increased pressure is removed. 
(Faraday.)—When this oil is gradually heated to 38° in a distillatory 
apparatus provided with a cooled receiver, and the distillate several times 
partially rectified at a continually lower temperature, the benzin and the 
oil C 12 H 8 are left behind more and more completely, and butylene in the 
pure state is obtained as the most volatile distillate. Sometimes a few deli¬ 
cate needles, wliicb. have not been further examined, condense together with the buty¬ 
lene 5 they melt and volatilize at —13° to —12°. — After the butylene has been 
removed by distillation, there remains a mixture of benzin and C 12 H 8 , 
which does not boil below 85*5~; and when this mixture is cooled to 
— 18 J , the benzin crystallizes out, and may be separated by stirring and 
pressure from the oily C 12 H 8 , which may then be poured off. (Faraday.) 

2 . Aqueous valerate of potash is decomposed by the current of a 
Bunsen’s battery (see Valerianic acid), and the evolved gas is passed 
through a tube surrounded with a frigorific mixture and through alcohol, 
to condense and absorb the admixed vapour of valyl [butyl], then through 
water to take np the alcohol, and then through strong potash-solution 
and over hydrate of potash to abstract carbonic acid and water. There 
then remains a mixture of 27*8 vol. butylene-gas (which maybe absorbed 
by oil of vitriol) and 72*2 vol. hydrogen. 
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Properties . Thin, transparent, colourless oil, whose specific gravity 
at -f 12 - 2 ° would be 0’627. Boils between — 18° and 0 °. Its vapour or 
gas is 27 or 28 times as heavy as hydrogen. [Therefore, vapour-density 
= 1*8711 to 1*9404]. Its tension at 15*5° is equal to 4 atmospheres. 
(Faraday.) Vapour-density = 1*993. (Kolbe.) 

Calculation, according to Faraday; Vol. Density. 

8 C . . 48 85*71 C-vapour ... 8 . .. 3*3280 

8 H .. 8 14*29 H-gas . 8 . 0*5544 

C 8 H 8 . 56 . 100*00 Butylene-gas 2 .. . 3*8824 

X .... 1*9412 

Decompositions. 1 , The oil bums with a brilliant flame. 1 vol. of 

the gas exploded with excess of oxygen, consumes 6*3 vol. oxygen and 
produces 4*3 vol. carbonic acid gas* Kolbe obtained very nearly the same 
results. [The 8 vol. hydrogen contained in 2 vol. butylene gas consume 4 vol. O-gas; 
the 8 vol. carbon vapour therein consumed 8 vol. O-gas, and produce 8 vol. carbonic 
acid] — 2. One vol. oil of vitriol absorbs 10O vol. butylene-gas very 
quickly and with great rise of temperature. If however too much 
heating takes place, the absorption is incomplete and there remains a gas 
which burns with a pale blue flame. No sulphurous acid is evolved. 
Oil of vitriol charged with the gas is very much darkened, exhibits a 
peculiar odour, and generally becomes turbid on addition of water, with¬ 
out however giving off any gas, and is converted into a conjugated acid 
which forms peculiar salts. [CFH^SO 8 ?]. (Faraday.)—3. Butylene 
gas unites with an equal volume of chlorine gas, quickly condensing to 
chloride of butylene C 8 H 8 CF, and other products richer in chlorine. 
(Faraday, Kolbe.) Pentachloride of antimony acts in a similar man¬ 
ner. (Kolbe.) — 4. When the gas obtained by decomposing valerianic 
acid vapour at a red heat (ix, 395) is mixed with bromine vapour, an 
oily liquid is obtained, the least volatile portion of which appears to 
consist of bromide of butylene C 8 H 8 Br 2 . (Hofmann, Chem * Soc. Qu. J. 3, 
121 .) — By the action of bromine on butylene, Cahours has also obtained 
the compound C 8 H 7 Br. ( Oompt . rend. 31, 291.) 

Combinations. Water shaken up with the gas absorbs it in small quan¬ 
tity. — Aqueous hydrochloric acid and alkalis have no action upon it. 

Alcohol absorbs a very large quantity of the gas, acquiring a peculiar 
odour, and afterwards effervesces when mixed with water. — Oils, both 
fixed and volatile, likewise absorb the gas; olive-oil six times its volume 
(Faraday.) 


IT. Butyl. C 8 H» or C u H»={ggI 


Kolbe. Chem . iSoc. Mem . 3, 278; Phil . Mag. J. [3], 31, 348; abstr. 
Ann. Pharm , 64, 339; — more fully: Chem. Soc . Qu. J. 2, 157; 
Ann. Pharm. 69, 257. 

Wttrtz. N. Ann . Chim. Phys. 42, 144; Ann. Pharm. 93, 112. 


j Butyle , Butylium (Wurtz) ; Valyl (Kolbe) j 
Kolbe in 1847. 


Tetryl (Gerhardt.)—Discovered by 
F 2 
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Formation and Preparation. 1. By the action of potassium on iodide 
of butyl,—butylene and hydride of butyl, C 8 H 10 , being formed at tire 
same time (Wurtz): 

2C 8 H 9 I + 2K =- 2KI + jcsHo} 

= 2KI + C 8 H 8 + C S H 10 . 

The two substances enclosed together in a sealed glass tube and heated 
in the water-bath for several days, act slowly on each other, the potas¬ 
sium swelling up considerably, and being converted into a mass of iodide 
of potassium saturated with a colourless liquid. To ensure complete 
decomposition the potassium must be in excess. On opening the tube after 
cooling, butylene gas escapes; and the remaining liquid, when gently 
heated, gives off vapours of hydride of butyl, which may be condensed 
by a frigorific mixture. The boiling point then rises quickly to 100°, and 
at 105°, the butyl distils over. (Wurtz.) 

2. Bp the electrolysis of Valerianic acid: 

C io H io 0 4 = C s H 9 + 2CO- + H. 

When an electric current from four Bunsen’s cells is passed through a 
cold saturated solution of valerate of potash, hydrogen, carbonic acid, 
and butylene gases are evolved, and an oily liquid rises to the surface 
consisting of butyl and valerate of butyl (vid. Valerate of Potash). On 
boiling this liquid with an alcoholic solution of potash, valerate of potash 
gradually separates, while the butyl remains dissolved in the alcoholic 
liquid, and may be purified by washing with water, drying over chloride 
of calcium, and rectification. 

PropeHies . Colourless, oily liquid, lighter than water, and having a 
faint odour. (Wurtz.) Light ethereal oil, having an agreeable ethereal 
odour, and a density of 0*694 at 18°. (Kolbe.) Boils at 105° (Wurtz); 
at 108° (Kolbe.) Vapour-density 4*053. (Kolbe.) 


8 C .. 48 

9 H. 9 

. . 84*21 . . 

. 15*79 

Wurtz. 

84*26 

16*15 

.. 84*1 
15*9 

Kolbe. 

84*0 - 
. 15*8 

C 8 H 9 . 57 

.... 100*00 

100*41 

. 100*0 

... 99*8 


Yol. Density. 


Vol. 

Density. 

C-vapour 

8 .. 3*3280 

Or: 

16 

... 6*6560 

H-gas 

9 . 06237 


18 

1*2474 

Butyl-vapour 

. 1 . . 3-9517 


2 

7*9034 




1 , 

3*9517 


[Respecting the vapour-volume of the alcohol-radicals, vid. vii., 171—174.] 

Decompositions. Butyl is very inflammable and burns with a stronglj 
luminous flame. (Kolbe.) Under certain circumstances, as in the decom¬ 
position of iodide of bntyl by potassium (p. 101), it splits up into buty¬ 
lene and hydride of butyl. According to Kolbe also, it is resolved by 
the influence of nascent oxygen, during the electrolysis of valerate of 
potash, into butylene and water [C 8 H 9 -f 0 = C 8 H 8 -f- HO]. It is no A 
oxidized by ordinary nitric acid, or by a mixture of chromate of potash 
and sulphuric acid; but strong fuming nitric acid, especially if mixed 
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with sulphuric acid, oxidizes it completely after long boiling, forming 
apparently a mixture of butyric and nitrobutyric acids. — Dry chlorine 
gas appears not to act t>n butyl in the dark, but the faintest ray of light 
is sufficient to induce the formation of hydrochloric acid vapours and of 
chlorinated subtitution-products, the liquid being finally converted by 
an excess of chlorine, into a viscid mass. — Bromine acts in a similar 
manner, but less strongly. — Iodine dissolves in butyl, without decom¬ 
posing it. 

Combinations . Butyl does not appear to combine directly with any 
element excepting iodine; but according to the radical theory, it exists 
in a great number of compounds homologous with the ethyl compounds. 
It is insoluble in water, but dissolves in all proportions in alcohol and 
ether. (Kolbe.) 

Hydride of Butyl. C 8 H 10 =C 8 If 9 ,H. — This compound has not yet 
been obtained perfectly pure, but is evolved, together with butylene, by 
the action of chloride of zinc on butylic ajcohol. When butylic alcohol 
is heated with excess of anhydrous chloride of zinc, and the evolved 
gases are passed, first through a tube surrounded with ice and inclined 
upwards to condense the less volatile hydrocarbons formed at the same 
time and allow them to flow back again — then through a tube sur¬ 
rounded with a freezing mixture, a very volatile, mobile, colourless 
liquid condenses in this tube, and on being removed from the freezing 
mixture, quickly evaporates, yielding a mixture of about equal volumes 
of butylene and hydride of butyl. The butylene may be absorbed by a 
coke-ball saturated with anhydrous sulphuric acid, and hydride of butyl 
then remains nearly pure — 

Calculation : Vol. Density. 

8 C . 48 .. 82-76 C-vapour.... 8 . 3'2480 

10 H 10 .. 17*24 H-gas . .. 10 ... 0*6930 

C S H 10 . 58 ....100*0 Vap. of C S H 10 .... 2 ... 3*9410 

1 .. 1*9705 

1 vol. of the gas which remained after absorption of the butylene 
yielded by explosion with oxygen, 4*26 vol. C0 2 , consuming 7’21 O, and 
exhibiting a condensation of 3*9 5 vol. Now 1 vol. hydride of butyl (regarded 
as diatomic) contains 4 vol. C-vapou*. which consume 4 vol. O, producing 4 vol. CO^, 
and 5 vol. H, which consume 2*5 vo.. O, making together 6*5 vol. O, and exhibiting a 
condensation of 3*5 vol. The differs ice probably arises from the vajiour of hydride of 
butyl being at a temperature only a ; ew degrees above its boiling point, and therefore 
not having attained its full amount o expansion. (Wurtz.) 


t. Oxide of Butyl, or Butylic Ether. 

C 8 H 9 0=C 8 H 8 , H O or C 16 H ls 0 2 =^'|o= 

Wurtz. N. Ann . Chim. JPhys. 42, 152; Ann. Bharm. 93. 

Obtained; 1. By the action of iodide of butyl on butylate of po¬ 
tassium; 


C 8 H 9 K0 3 + C 8 LPI = KI + C 16 li 18 0 3 . 
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The product however is difficult to purify from butylic alcohol, the 
boiling points of the two liquids differing but little from each other. 
The portion which distilled over between 100° and 104° had a very 
agreeable odour, but contained only 71 p. c. carbon, whereas the cal¬ 
culated quantity is 73'8. If the excess of butylic alcohol be saturated 
with potassium and the resulting liquid treated, while still hot, with 
iodide of butyl, a very energetic action takes place, resulting in the 
formation of butylic alcohol and butylene: 

C 8 H 9 K0 2 + C 8 H 9 I a C 8 H 10 O 2 + C S H S + KL 

2 . By the action of iodide of butyl on oxide of silver — 

C 8 H 9 I + AgO - Agl + C s H 9 0. 

Dry oxide of silver is completely decomposed by iodide of butyl at 1 00°, 
with formation of iodide of silver and butylic ether, accompanied however 
with small quantities of butylene, water, butylic, alcohol, and carbonate 
of butyl: 

OTFI + AgO 4 HO = C S WW 4 - AgT, 

2C S H 9 I + 2AgO = C 8 R 10 O 2 4 * C S H S 4 - 2AgI. 

The formation of water and carbonic acid is probably due to the oxidiz¬ 
ing action of the excess of oxide of silver. (Wurtz.) 


IT- Vinobutylic Ether. 

C 12 H 14 0 2 = C 4 H 5 0,C 8 H s 0=Qggjj O 2 
Wurt z. N. Ann. Chirrh Pkys. 42,118; Ann . Pharrn . 93 . 

Eihylolutylic ether , Butylate of Ethyl, Ethylate of Butyl . 

Obtained by the action of iodide of ethyl on butylate of potassium, 
in the cold: 

C 3 H 9 K0 2 + C 4 H 5 I « KI + g^Q 2 . 

On distilling the mixture after two days’ standing, the excess of iodide 
of ethyl passes over first, then the vinobutylic ether, then (above 95 J ) 
the excess of butylic alcohol. The last portion was again treated with 
potassium, the first portion added to it, in order to form a fresh quantity 
of vinobutylic ether, and the whole product rectified, the portion which 
passed over between 78° and 80° being collected apart. 

Colourless liquid, of sp. gr. 0*7507; has an agreeable odour. 


12 C . 



"Wurtz. 

. 72 . 

.. 70-58 .. 

. . 7015 

14 H . 

. 14 . 

.. 13*72 . 

. 14-04 

2 0.. 

. 16 . 

. 15-70 

15-81 

C!2H m O>... 

. 102 . 

.. 100-00 

.. 100-00 
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If- Butylic Alcohol. 

C 8 H I0 O 2 =C 8 H 8 ,H !! O 2 =C s H 9 O 3 HO= C '^ 9 |o*. 

Wurtz. (1852.) Cornet, rend. 35, 310; Instk. 1852, 277; Arch. ph. 
not. 21, 147; Ann. Pharm. 85, 197; J.pr. Chem. 57, 305; Pharm. 
Centr . 1852, 798. Further and more fully: JSf. Ami. Chim. Phys. 
42, 1 i*Ann. Pharm. 93, 107. 

Hydrate\of Butyl , Hydrated Oxide of Butyl, Tetrylic Alcohol, Hydrate of 
Tetryl. 

Sources . In some kinds of fusel-oil, viz., in potato *fusel-oil, and in 
that which is obtained in the rectification of the alcohol produced from 
the molasses of mangold-wurzel. Different samples of the latter, however, con¬ 
tained very different quantities of butylic alcohol, and some samples none at all, 
(Wurtz.)— From the experiments of Medloek also ( Ann. Pharm. 69, 217), and from 
others made in the Giessen laboratory, it appears that this alcohol does not always 
exist in potato-fusel-oil. 

Formation. By the fermentation of grape-sugar, whereby it may 
be produced either alone or in conjunction with vinic and amylic 
alcohols, as shown by the following equations (Wurtz): 

C 24 H 24 0 24 = 2C s H 10 O 2 + SCO 2 + 4ITO 
2C 24 H 24 0 24 = 2C w H i2 0 2 + C 8 H 10 O 2 + C 4 H«0 2 + 16C0 2 + 8HO. 


Preparation . Fusel-oil obtained in the rectification of mangold- 
wurzel molasses is subjected to fractional distillation, the portions which 
distil over between 80° and 105°, 105° and 115", 115° and 125°, being 
collected apart. The first portion is washed with water, and the sepa¬ 
rated oily layer repeatedly rectified, the portion which passes over at 
104° being each time collected apart. The latter is mixed with the 
portion which distilled over between 105° and 115°, and with that 
part of the last fraction (between 115° and 125°) which, when the 
latter was repeatedly rectified, passed over below 115°. The whole 
of the distillates obtained between 105° and 115° are then mixed 
together and boiled for 48 hours with a concentrated solution of caustic 
potash, in such a manner that the vapours may be condensed and 
allowed to run back again; the impure butylic alcohol then distilled 
over; separated from the water which passed over with it; afterwards 
mixed with half its weight of quick lime to dehydrate it more completely, 
and distilled off after standing for 24 hours; this distillate repeatedly 
rectified; and the portion which passes over between 108° and 110 ° 
collected apart: if the boiling point remains within these limits 
during the distillation, the butylic alcohol thus obtained is very nearly 
pure. The process of rectification may be considerably abridged by 
interposing between the flask and the condensing apparatus an upright 
tube with two bulbs and having a thermometer inserted into its upper 
part; the less volatile portions then condense on the sides of the tube 
and run hack into the flask, whereby the separation of the more volatile 
portions is greatly facilitated.— Wurtz first obtained butylic alcohol from potato- 
fusel oil. When this liquid was distilled, the thermometer remained stationary for a 
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long time between 108° and 118°; tbe liquid wbicb psased over between these tempe¬ 
ratures was collected apart, set aside for 48 hours in contact with caustic potash, and 
repeatedly rectified, the portion which passed over at 112° being collected apart. 
{Compt. rend. 35, 310.> 

For complete purification, the butylic alcohol is converted into iodide 
of butyl (p. 100), which boils at 121°, and is easily separated by fractional 
distillation from iodide of ethyl, boiling at 73°, and iodide of amyl at 
146°; the iodide of butyl converted into acetate by treating it with 
acetate of silver; the acetate of butyl decomposed by continued boiling 
with strong solution of potash, the vapours being condensed and made to 
run back; and the butylic alcohol thereby separated, decanted and 
rectified over caustic baryta. (Wurtz.) 

Properties . Transparent, colourless liquid, more mobile than amylic 
alcohol, and having an odour similar to that of the latter, but less 
pungent and more vinous. Does not turn the plane of polarization of 
light. Sp.gr. =0*8032 at 18*5°. Boiling point 110°. Vapour den¬ 
sity 2*589. (Wutrz.) 

Wurtz. 


8 C . 

10 H. 

2 O. 

.... 48 . 

.... 10 . 

... 16 . 

... 64*86 . 

... 13*51 . 

. 21*63 . 

a , 

.. 64*55 
.. 13 90 
... 21*55 

b. 

. .. 64*49 .. 

... 13*53 . 

... 21*98 . 

c. 

.. 64*94 

.. 13*65 

. 21*41 

C 8 H 10 O 3 . 

.... 74 .. 

... 100*00 . 

.. 100*00 

.... 100*00 .. 

... 100*00 




Vol. 

Density. 


C-vapour 

. 

8 . 

3*3280 


H-gas. 


10 . .. 

0*6930 


O-gas .. 

. 

1 . 

1*1093 



Vap. of Butylic Alcohol 

2 

5*1303 





1 .. .. 

2*5651 



The analyses a and b were made with butylic alccbol purified merely by fractional 
distillation (p. 71); and boiling at 110°; c s with the purer product obtained by decom¬ 
posing butylic acetate with potash, and boiling at 109°. 

Decompositions. 1. Butylic alcohol takes fire on the approach of a 
burning body, and burns with a bright flame. — 2. Potassium decom¬ 
poses it with evolution of hydrogen, forming butylate of potassium 
C 8 H 9 K0 2 . — 3. Caustic potash in a state of fusion converts it into 
butyric acid, with evolution of hydrogen and formation of a butyrate. 
When dropt upon soda-lime heated to 250^, it is likewise decomposed 
with evolution of hydrogen and formation of a butyrate.— 4. Hydro¬ 
chloric acid heated in a sealed tube with butylic alcohol, converts it 
into chloride of butyl (p. 102). — 5. Pentachloride and oxychloride 
of phosphorus likewise convert it into chloride of butyl. — 6. Bromine 
and phosphorus added alternately in small portions convert butylic 
alcohol into bromide of butyl, with evolution of hydrobromic acid 
(p. 101)—7. Similarly, iodine and phosphorus give rise to the for¬ 
mation of iodide of butyl (p. 100). — 8. Oil of vitriol acts violently on 
butylic alcohol, the mixture becoming very hot and strongly coloured, 
while sulphurous acid is evolved, and an oily layer separates out, con¬ 
sisting chiefly of hydrocarbons polymeric with butylene. When the 
alcohol is rapidly mixed with excess of oil vitriol, great heat is pro¬ 
duced, and gas is given off in small quantity, which may however be 
increased by external heating; it consists chiefly of butylene, together 
with sulphurous and carbonic acid. — When butylic alcohol is gradually 
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mixed witli an equal volume of oil of vitriol, and the vessel kept cool, 
sulphobutylic acid is produced — 9. Butylic alcohol heated with excess 
of chloride of zinc is decomposed, with formation of butylene, hydride of 
butyl, and other less volatile hydrocarbons (p. 66). The butylene is formed 
by simple abstraction of water: C a H lu 0 3 = C 8 H 8 + 2HQ ; the excess of hydrogen which,* 
the hydride of butyl contains more than the butylene appears to be derived from the 
liquid hydrocarbons formed at the same time. The mixture of these hydrocarbons 
which remained in the retort began to boil a little above 100°; but the boiling point 
gradually rose to 300° or even higher. The portion which distilled over between 
240° and 280° exhibited the following composition : 

Calculation. 

Wiirtz. .... C S H 8 .... C^H 29 .... C 40 H3S 

C . 86*49 .... 86*11 . 85*72 .... 86*75 ... 86*33 

H.. . 13*95 ... 13*91 . 14*28 .... 13*25 .... 13*67 

100*44 ... 100*02 ........ 100*00 .... 100*00 ~. 100*00 

The formation of the hydride of butvl may possibly take place as represented by* 
one of the following equations: 4C 8 H 8 = C S H 10 + C^H 23 ;—6C 8 H 8 = C 8 H 10 + C^HSs 
(Wurtz.) 

10. With Chloride of Cyanogen, butylic alcohol forms chloride of butyl 
and butylic urethane : 

2C s H 10 O 2 + C 2 NC1 = C S H 9 C1 + C^NH^O 4 . 

If the butylic alcohol, as is generally the case, contains a little water 5 
carbonate of butyl and sal-ammoniac are formed at the same time: 

2C 18 H 10 O 2 + C 2 NC1 + 2HO = 2(C S H 9 0,C0 2 ) +■ NH 4 C1. 

(E. Humann, N. Ann. Chim . Phys. 44, 437 ; Ann. Pharm. 95, 256 ; Chem. Soc. 
Qu , /. 8, 274.) 

Combinations. Butylic alcohol dissolves in 10| times its weight of 
wate?' at 18°, and is precipitated therefrom as an oily layer on addition 
of chloride of calcium, chloride of sodium, or any other easily soluble 
salt. — It dissolves chloride of calcium, forming a crystallizable compound, 

•— It also dissolves recently fused chloride of zinc at ordinary tempera¬ 
tures, forming a syrupy liquid. (Wurtz.)— IT. 


Butyral. C s IP,0 2 . 

Chancel. (1845.) N. J. Pharm. 7, 113. 

Guckelbehger. Ann. Pharm. 64, 52. 

Butyric Aldide, Butyric Aldehyde 3 Butaldid, Bufyrale, Batyr aldehyde. [ Nebute.J 

Formation. 1. By the dry distillation of butyrate of lime. (Chancel.) 
— 2. By the distillation of casein, fibrin, albumin, or gelatin with 
manganese and dilute sulphuric acid. (Guckelberger). 

Preparation . 1. Butyrate of lime in considerable quantity is subjected 
to dry distillation, and the butyral, which boils at 95°, separated by 
repeated fractional distillation from the hutyrone which boils at 144 , 
and an oil whose boiling point is 225°, the fractionation being continued 
till the boiling point becomes constant. (Chancel.) — 2. By the same 
process as for the preparation of propylic aldide (ix. 400, 401). 
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After the latter has passed over between 65° and 70°, butylic aldide is 
obtained as the principal product between 70° and 100°, and being less 
soluble in water than the propylic aldide, may be separated therefrom 
by agitation with water. (Guckelberger.) To obtain it perfectly pure, 
•crystalline butyral-ammonia ( q . v.) is prepared from it, and suspended 
in water; a concentrated solution of alum added in sufficient quantity to 
cause the mixture to redden litmus; the liquid distilled, and the butyral 
separated from the distillate, dehydrated over chloride of calcium, and 
rectified. (Guckelberger.) 

PropeHies. Thin transparent, colourless oil, which does not solidify 
when surrounded with a mixture of solid carbonic acid and ether. 
(Chancel.) Sp. gr. 0*821 at 22° (Chancel); 0*80 at 15° (Guckelberger). 
Boils steadily at 95 3 (Chancel); at 68° to 75° (Guckelberger). Vapour- 
density =2'61. (Chancel.) Has a brisk penetrating odour, a burning 
taste, and is neutral (Ghancel); it has an ethereal somewhat pungent 
odour and a burning taste. (Guckelberger.) 

Guckelberger. Vok Density. 

8 C . 48 ... 66*67 . 66*23 C-vapour . 8 .... 3*3280 

8 H . 8 .... 11*11 .. 11*23 H-gas . 8 . . 0*5544 

2 O . 16 .... 22*22 . 22*54 O-gas . ... 1 .. 1*1093 

C 8 H 8 0 3 . 72 .... 100-00 . 100*00 Butyral-vapour 2 . 4*9917 

1 . 2*4958 

Chancel’s analyses likewise agree with the formula. 

Decompositions. Butyral is very inflammable and burns with a bright 
flame slightly tinged with green at the edges. (Chancel.) — 2. In the 
air or in oxygen gas, especially in presence of platinum-black, it absorbs 
oxygen and soon turns sour, but without colouring, in consequence of the 
formation of butyric acid, which may be extracted by a small quantity 
of water; in a stoppered bottle completely filled, it remains unaltered. 
(Chancel.) It quickly turns acid on exposure to the air. (Guckelberger). 
— 3. With chlorine or bromine it rapidly gives off hydrochloric or 
hydrobromic acid, and yields products containing chlorine or bromine, 
such as C S C1H 7 0 3 , C 8 C1 2 H 6 0 2 , C 8 C1 3 H 5 0 2 , C 8 C1 4 H*0 8 (Chancel). — 4. In 
contact with crystallized chromic acid, it takes fire with slight detona¬ 
tion. (Chancel.) — 5. With dilute nitric acid, it gives off nitrons fumes 
and yields nitropropionic acid (ix. 430). (Chancel.) — 6. Heated with 
water and oxide of silver, it easily reduces the metal, without evolution 
of gas, and the water takes up a silver-salt containing butyric acid, or 
perhaps a butyrous acid C s H & 0 3 . (Chancel.) According to Guckelberger’s 
analysis of the silver-salt thus formed, it appears to be butyrate of silver. 
An aqueous solution of butyral mixed with ammonia and then with 
nitrate of silver till the alkaline reaction disappears, silvers the vessel 
very beautifully on the application of a gentle heat. (Chancel, Guckel¬ 
berger.)— 7. Butyral gradually added, with agitation, to twice its bulk 
of fuming oil of vitriol, yields, with evolution of heat, a dark red solution, 
which at 100°, gives off'a very small quantity of sulphurous acid and turns 
brown, but does not blacken, and if subsequently diluted with water, 
yields a very small quantity of butyric acid, but not any trace of a con¬ 
jugated sulphuric acid. (Chancel.) Consequently the sulphuric acid 
converts a portion of the butyral into butyric acid by oxidation 
(Chan eel); 


C 8 H 8 0= + 2S0 3 = CTPO 4 + 2S0 3 
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8. When 2 parts of butyral are distilled with 3 pts. of pentachloride of 
phosphorus, cldorobutylene (=Butak==C & ClH 7 ) is obtained (Chancel): 

5C 8 H 8 0 2 + 2PCI 5 = 5C S C1H 7 + 5HC1 + 2P0 5 (Chancel). 

9. Butyral coats liydrate of potash with a brown crust, and when gently 
heated with aqueous potash forms a brown lumpy mass. (Guckelberger.) 

Combinations. Butyral on the one hand takes up a certain quantity 
of water; and on the other, dissolves sparingly in water, imparting its 
peculiar odour. (Chancel.) 

Butyral-ammonia — Butyral prepared by (2) forms with strong 
ammonia a crystalline mass, and with very dilute ammonia a milky 
liquid, which soon deposits crystals and becomes transparent. — If the 
butyral is contaminated with propylal (propylic aldide) — which is the 
case when it is prepared by (2), — aud if it be then mixed, first with 
water, and then with dilute ammonia, the butyral-ammonia is completely 
precipitated in the crystalline form, so that the filtrate, when distilled 
with sulphuric acid, yields pure propylal. — The resulting crystals are 
collected on a filter, washed with dilute ammonia, pressed between 
paper, and dried over lime in an atmosphere of ammonia. — The 
crystals thus formed are very small acute rhombic octohedrons; the 
alcoholic or ethereal solution yields by spontaneous evaporation, large 
tables having their acute edges truncated. The crystals after drying 
remain unaltered in a dry atmosphere, but in damp air, or if they 
have not been dried, they turn brown like aldehyde-ammonia, and 
acquire an empyreumatic odour. — When gently heated, they melt 
without loss of ammonia; if the heat be then slowly raised, the liquid 
boils, and at a temperature somewhat above 100°, yields a sublimate of 
transparent and colourless drops, which solidify on cooling, and perhaps 
consist of the unaltered compound; at a still higher temperature, am¬ 
monia is given off. — Aqueous acids decompose butyral-ammonia, sepa¬ 
rating the butyral which rises to the surface in oily drops; cold potash 
does not eliminate ammonia from it. When sulphuretted, hydrogen gas 
is passed through the alcoholic solution of butyral-ammonia, an empy¬ 
reumatic odour is evolved like that of thialdine (ix. 313); and from 
the resulting liquid, which does not deposit crystals, ether extracts, on 
agitation, a sulphuretted oil, which immediately forms a crystalline 
compound with hydrochloric acid. — Butyral-ammonia is nearly insoluble 
in water, but dissolves readily in ether and alcohol; the alcoholic solution 
becomes turbid on the addition of water, and in a few hours deposits the 
greater part of the compound. (Guckelberger.) 


Crystallized . Guckelberger. 

8 C. 48 .. 26*82 . 26*69 

IN . 14 . 7*82 . .. 7*81 

21 H . 21 ... 11*73 . ... 11*87 

12 0. 96 53*63 . 53*63 


NH 3 ,C 8 H 8 0 2 + 10HO 179 ... 100*00 .. . . 100*00 


Chancel's butyral prepared by (1) does not according to Chancel and Henneberg, 
absorb ammoniacal gas; neither does it appear to be altered by aqueous ammonia. This 
difference and the higher boiling-point lead to the suspicion that the products (1) and (2) 
are not identical but isomeric compounds (Guckelberger). 
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Butyral mixes in all proportions with wood-spirit , alcohol , ether , and 
fusel-oil* (Chancel.) 


Butyric Acid. C 8 H 8 ,0 4 . 


Chevreul. J.Pharr/i. 3, 80.— Ann . Ghim. Phys. 23, 23; also Schw. 

39, 179. — Recherches sur les corps gras. 115 and 209. 

Pelouze & Gelis. A 7 . Ann. Chfon, Phys. 10, 434; abstr. Ann. Pharm. 

47, 241; abstr. J. pr . Chem. 29, 453. 

Wertz. IP. Ann. Ghim. 11, 253; also Gompt. rend. 18, 704; also 

J”. -pr. Chem. 32, 501. 

Lerch. Ann. Pharm. 49, 217. 

Acide butyrique s Buttersaure . — Discovered by Chevreul in 1814 1818. 

Sources. 1. Butyric acid has been found, either in the free state or 

combined with bases: In many samples of gastric juice (Tiedemann & 
Gm.); also in a liquid discharged in a case of cancer of the stomach 
(Buchner, RepeH . 52, 155); once in human urine (Berzelius, Pogg. 18, 
84); in the liquid expressed from the chopped flesh of man and of various 
animals (Scherer. Ann. Pharm. 69, 196); in the fruit of Geraionia 
Siliqua . which, when distilled with dilute sulphuric acid, yields 0*6 p. c. 
butyric acid (Redtenbaolier, Ann. Pharm. 57, 177); also in the old fruit 
of Sapindus Saponaria and Tamarindus indica (Gorup-Besanez, Ann. 
Pharm. 69, 369); in the milk of the cow-tree after it has turned sour 
(Marchand, J. pr. Ghem. 21, 48). ^[. Also in cod-liver oil (R. Wagner, 

J. pr. Ghem . 46, 155); in flesh-juice (Scherer, Ann. Pharm. 69, 196); in 
crude oil of amber (Marsson, Arch. Pharm. [2], 62, 1); in liquid from 
the spleen (Scherer, Verhandl , der phys-med. Gesellsch. m Wurzburg , 2, 
298); in perspiration (Schotten, Archiv. f. physiol. Heillcunde , 11, 73; 
Brendecke, Arch. Pharm. [2], 70, 34). — 2. Combined with glycerine in 
the form of butyrin and mixed with other fats; in the butter of the cow 
and of other mammalia. (Chevreul.) 

Formation . 1. By the dry distillation of various substances. In that 

of tobacco for example; whence the liquid which collects in the smoking of tobacco 
contains butyric acid. (Zeise, J. pr. Chem. 29, 386.) — 2. In the Butyric acid 
Fermentation^ which takes place sometimes in sugar, starch, and similar 
bodies in contact with protein-compounds, sometimes in the latter when 
alone, and appears to be always preceded by a lactic acid fermentation. 

The aqueous solution of common sugar, grape-sugar, gum-sugar, milk- 
sugar, or dextrin, mixed with an equal weight of powdered chalk and 
10 p. c. of ordinary cheese either new or old, or fresh, moist, coarse gluten, 
and set aside for some weeks in a warm place, either in an open vessel, 
or in a vessel provided with a cork and gas-delivery tube, becomes turbid 
and viscid; acquires the odour of sour milk; gradually loses its sweet 
taste; and Anally becomes so thick, that the vessel may often be inverted 
without the contents running out. At about this stage of the process, 
the solution, which also contains a little alcohol, yields on addition of 
alcohol, a white, pasty precipitate, possessing all the properties of gum, 
so that the solution then precipitates neutral acetate of lead. After the 
solution has stood for a somewhat longer time, its viscidity diminishes; 
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carbonic acid is evolved; and crystals of lactate of lime are formed in 
sueh quantity that the whole becomes solid. Gradually, however, these 
crystals disappear; the liquid recovers its transparency; and, after the 
lapse of 6 to 12 weeks (reckoned from the beginning of the experiment) 
when the evolution of gas has ceased, contains nothing but butyrate of 
lime, with a very small quantity of lactate, and traces of acetate of lime, 
alcohol, and a volatile, odoriferous substance. Mannite cannot be de¬ 
tected at any stage of the fermentation. — Sometimes, however, these 
phenomena are less sharply defined, namely when the formation of 
butyric acid takes place simultaneously with that of lactic acid. At 
the commencement of the process, the hydrogen in the evolved gaseous 
mixture does not exceed 10 to 15 per cent., but in the later stages, it 
amounts to between 55 and 60 per cent. The 3ugar appears therefore first 
to be converted into a gum; then into lactic acid, which combines with the 
lime and expels the carbonic acid; and finally into butyric acid. (Pelouze 
& Gelis.) 

[Since lactic acid is C 13 H 12 0 12 , and butyric acid C 8 H 8 0 4 , the evolution 
of hydrogen together with the carbonic acid, which proceeds first from 
the chalk, and afterwards from the decomposing lactic acid, is explained 
by the following equation: C 13 H 13 0 12 =C 8 H 8 0 i +4C0 3 +4H.] 

Respecting the formation of lactic acid in this process, see Lactic acid . 

Diabetic urine, which contains grape sugar, together with animal 
matters, likewise exhibits the butyric acid fermentation. This liquid, 
set aside between 15° and 35°, with or without beer-yeast, ferments the 
more quickly as the temperature is higher; exhibits a continually in¬ 
creasing white turbidity, from separation of globules which appear 
transparent under the microscope, and look like globules of beer-yeast; 
gives off carbonic acid and hydrogen gases, first in the proportion of 
1 : 2 to 2|, and ultimately in that of to 1 : f to j. After 5 to 28 days, 
when the" evolution of gas has ceased, the urine is turbid; has a rancid 
odour; reddens litmus; and no longer contains sugar or urea, but a 
larger quantity of ammoniacal salts and butyric acid, which passes over 
together with an odoriferous principle on distilling the liquid with 
tartaric acid. The fermented urine does not contain either alcohol or 
acetic acid. A few drops of sulphuric acid stop the fermentation of the 
diabetic urine, but a small quantity of alkali accelerates it. Boiling the 
urine suspends the fermentation for a while; so that the urine, if boiled 
every 3 or 4 days, may be kept for a month. Healthy urine mixed with 
grape-sugar behaves like diabetic urine. (Fomberg, Ann. Phcirm . 63, 360.) 

If into an aqueous solution of grape-sugar, which does not ferment 
by itself, pieces of white paper, previously exhausted by potash and 
water, be introduced, the solution begins to ferment between 17° and 
40°, a large quantity of carbonic acid [and hydrogen ?] being evolved, 
and butyriq^ acid formed, but no alcohol. (Dopping & Struve, Ann . 
Pharm. 41, 275.) 

Starch in contact with animal matters, likewise passes into the 
butyric acid fermentation. The fibrous residue of the preparation of 
potato-starch, which still contains a large quantity of starch and a small 
quantity of animal matter, if left for two or three days in a pot, at a 
temperature above 30°, gives off carbonic acid, and forms butyric and 
acetic acids. (Scharling, Ann. Pharm. 49, 213.) — When starch paste 
or boiled potatoes, stirred up with water, are mixed with flesh, a large 
quantity of butyric acid is formed in six days, with evolution of gas. 
(Schubert, J. pr. Chem . 36, 47; comp. Liebig, Ann. Pharm. 57, 125.) — 
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Wheat accidentally spoiled and saturated with sea-water in ships, smells 
strongly of butyric acid, and when distilled with water, yields this acid, 
together with valerianic acid. (L. L. Bonaparte, Corrupt, rend. 21, 1076.) 
— IT Butyric acid is also formed in the fermentation of wheat-flour, 
when that substance is stirred up with water, and left to ferment in con¬ 
tact w r ith J pt. carbonate of lime; the addition of cheese accelerates 
the formation of the butyric acid, but likewise gives rise to the forma¬ 
tion of lactic acid. (H. Schulze, Arch. Pharm. [2] 57, 272.) T. 

When fresh oi* dry marsh-mallow roots, coarsely bruised, or exhausted 
with ether and alcohol, and thereby freed from sugar, are placed toge¬ 
ther with 8 or 12 times their quantity of water, at a temperature of 15° 
to 25° in a flask provided with a gas-delivery tube, and left for about 
six weeks, till the evolution of gas ceases and the pieces of root sink to 
the bottom, the liquid is afterwards found to contain butyric acid, toge¬ 
ther with small quantities of alcohol and acetic acid. During the fer¬ 
mentation, the water becomes turbid and deposits yellowish-white flocks. 
At the same time, nitrogen gas is first evolved, and afterwards a mix¬ 
ture of that gas with a very large excess of carbonic acid and with 
hydrogen. The latter amounts in the mixture at first to 70, then to 
only 33 to 25 per cent., and does not yield any trace of carbonic acid 
■when exploded with oxygen. After the fermentation, the* root is 
found to be dissolved in the form of a pasty mass, the gum has dis¬ 
appeared, and the asparagin is converted into aspartate of ammonia.— 
The fermentation take? place, even if the liquid be constantly main¬ 
tained in a slightly alkaline state. — The bulbs of lilies behave like 
marsh-mallow roots, excepting that the liquid must be neutralized with 
chalk. At first a very small quantity of nitrogen gas is evolved, then 
carbonic acid and hydrogen, and butyrate and acetate of lime are formed. 
Quince-seeds immersed in water, likewise evolve carbonic acid and 
hydrogen gases, and yield butyric and acetic acid. — On the other hand, 
the roots of Symphytum of. and the seed of Plantago Psyllium yield the 
same gases, hut no butyric acid, only acetic. (Larocque.) 

A butyric acid ferment may also be obtained from marsh-mallow 
roots, lily bulbs, and from Semen Cydoniorum , Psyllii and Lini. Thus, 
when fresh marsh-mallow roots are bruised and fermented for 8 or 10 
days with a six-fold quantity of water, the liquid strained through linen, 
yields with alcohol a viscid coagulum, winch may he washed with water, 
and preserved under water. This substance is elastic like gluten. It 
diffuses itself in water, and is partially dissolved thereby. If 1 pt. of it 
together with a small quantity of water, be exposed to the air for two 
or three days,, and a solution of 5 pis. sugar in 33 pts. water be then 
added, together with 2 pts. of chalk, nitrogen gas is evolved at first, but 
after 48 hours carbonic acid and hydrogen are given off with only a 
small quantity of nitrogen, and, in the course of four week$, lactate and 
butyrate of lime are formed, but no alcohol. If the chalk be left out, 
nothing but nitrogen gas is evolved for the first 9 days, and it is only 
when the chalk is subsequently added, that the other two gases are 
given off, and the two acids formed. (Larocque, N. J. Pharm. 6,352.) 
That the acid produced by the fermentation of marsh-mallow roots, lily- 
bulbs, and quince-seeds, is really butyric and not valerianic acid, is 
shown by Larocque s analysis of the silver-salt. (A 7 . J. Pharm. 10, 107.) 

Tan, when brought to a state of fermentation, is usually exhausted 
with water, and in the sour tan~liquoi' thus produced the hides are soaked. 
This liquor yields butyric acid by distillation. (Jul. Cliautard, N. J . 
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Pharm. 7, 455, and J . pr. Ghem . 36, 43.) According to later analyses 
of silver-salts, Ckautard & V. Dessaignes ( \N . J. Pharm . 13, 244; also 
J ’. Ghem . 45, 49) suppose the acid of sour tan-liquor to be a variable 

mixture of propionic and valerianic acids. [But to judge from the 
boiling point, which ranges from 140° to 160°, the acid appears to be 
chiefly butyric acid. The gum and pectic acid of the oak-bark are 
probably converted into butyric acid by the action of the animal skins.] 

Pure protein substances, even when not in con tact with sugar, starch, 
&c. likewise yield butyric acid by putrefaction. — Moist fibrin, left to 
putrefy in summer, deliquesces, with formation of butyrate and acetate 
of ammonia. (Wurtz, N. Ann. Ghim Flips. 11, 253; also/, pr. Ghem . 
32, 501; compare Bopp, Ann. Pha/m. 69, 16.) 

Pure casein, putrefying under water in summer, yields butyrate and 
valerate of ammonia, together with other products. (Iljenko, Ann. 
Pharm. 63, 364); hence also the strong-smelling Limburg cheese con¬ 
tains butyrate, valerate, caproate. caprylate, and caprate of ammonia. 
(Iljenko & Laskowsky, Ann. Pharm. 55, 78.) 

IF When 2 oz. of fibrin prepared from ox-blood and free from fat, 
were mixed with 2 drachms of bicarbonate of ammonia, the mixture stirred 
up with water to a thin paste, carbonic acid gas passed through it at a 
temperature of 37° to 44 3 , during the day for a month, the flask con¬ 
taining the mixture being closed at night, the gas, after passing through 
had a cheesy odour, in fact that of butyric acid; it likewise contained 
sulphuretted hydrogen at one stage of the process. The putrefied mass 
yielded nothing soluble in ether, but was found to contain acetic, butyric, 
and valerianic acid. Six ounces of fibrin mixed with 3 oz. of chalk, 
stirred up to a thin paste with water, and left for some months at 37°, 
yielded acetic, butyric, valerianic, and capric acid. Cassein gave similar 
results. (Brendecke, Arch. Pharm. [2] 70, 26.) 

Butyric acid is likewise found among the products of the putrefaction 
of yeast. (A. Miiller, /. pr.Ghem. 57, 162, 447.) It is also formed, together 
with succinic and valerianic acids, by the fermentation of malate of 
lime. (Rebling, Arch. Pharm. [2] 67, 300.) Certain kinds of fuci, viz. 
Fucus vesiculosus and Fucus nodosus, fermented in contact with lime, 
yield acetic acid together wdtk a small quantity of butyric. (Stenhouse, 
Phil. Mag. [4], 1, 24.) According to Salvetat, safflower yields butyric 
acid by spontaneous decomposition. (2V. Arm. Chun. Plugs. 25, 337.) T 

3. Fibrin heated to 160° —180°, in contact with potash-lime, also 
yields butyrate of ammonia. (Wurtz.) 

„ . 4. Many organic compounds distilled with nitric acid, or with a mix¬ 

ture of sulphuric acid and peroxide of manganese, or chromic acid, yield 
; a distillate containing butyric acid. 

Maynas resin (from calophyllitm) treated with nitric acid, yields 
butyric acid. (B. Lewy, N. Ann. Gliim. Phys. 10, 283.) — Oleic acid, 
similarly treated, yields butyric acid, together with several other acids. 
— When casein, albumin, fibrin, or gelatin is distilled with dilute sul¬ 
phuric acid and oxide of manganese or chromate of potash, a mixture 
of acids passes over, the most abundant of which is butyric acid. 
(Guckelberger, Ann. Pharm. 64, 39, and 79.) — IT. Gluten of wheat 
distilled with manganese and sulphuric acid, also yields butyric acid, 
together with other volatile fatty acids. (F. Keller, Ann. Pharm. 72, 
24.) % The more volatile portion of the empyreumatic oils, obtained 
by distillation of rape-oil, yields a small quantity of butyric acid when 
it is heated with strong nitric acid, or when its vapour is passed over 
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heated soda-lime. (Schneider, Ann, Fharm. 70, 109.)—% Oil of tur¬ 
pentine oxidized with nitric acid, yields butyric acid, together with 
propionic and acetic acid. (F. C. Schneider, Wien. Ahad. Ber. Not. 
and Dec. 337; Jahre&ler. 1849, 447.)—Caprylic alcohol, oxidized with 
dilute nitric acid, yields butyric acid, together with other acids. (Bouis, 
Compt . rend . 33, 141. — Butyl (obtained by electrolysis of valerianic 
acid) oxidized with nitric acid, yields an acid liquid which smells of 
butyric acid, and appears to be a mixture of butyric and nitrobutyric 
acids. (Kolbe, Ann. Pharm. 69, 275.) %. 

Preparation , A. From the Butter of Cow's-mfflc . — This substance is a 
mixture of glycei ine-fats, by whose saponification, the volatile butyric, caproic, capry¬ 
lic, and capric acids, and the fixed oleic and margaric acids are produced.— 1 . Butter 
is saponified in a still with potash-ley; the product supersaturated with 
dilute sulphuric acid; half the liquid distilled off; the water decanted from 
the residue; and the liquid again distilled till the water which passes over 
no longer reddens litmus. The resulting milky distillates, on which a fat 
greasy mass floats, consisting of caprylic, and capric acids, are immediately 
saturated with baryta-water; preserved, till the distillation process is 
finished, in well stoppered bottles; the united baryta-liquids then boiled 
down to in the open body of the still, after it has been cleaned; and the 
remaining liquid transferred to a retort, and evaporated to complete dry¬ 
ness. The residue, which amounts to about 10 per cent, of the butter, 
consists of a portion more soluble in water (amounting to 95 p. c of the 
residue), and composed sometimes of butyrate and caproate, sometimes of 
vaccinate of baryta, and a less soluble portion (5 per cent ), composed 
of caprylate and caprate of baryta. The entire residue is boiled with six 
times its weight of water, the liquid filtered from the sparingly soluble 
portion, and the filtrate evaporated to the crystallizing point. If the 
first crop of crystals consists of silky needles of caproate of baryta, per¬ 
manent in the air and having the appearance of benzoate of lime, then 
the butyrate of baryta will be found in the mother-liquor. If, on the 
contrary, small, quickly efflorescing crystals are obtained, arranged in 
geodes of the size of nuts, such crystals consist of vaccinate of baryta, 
and it may them be concluded, that the butter used in the preparation 
did not contain either butyric or caproic acid. (A sample of butter obtained 
in the very dry summer of 1842, during which the cows were fed to a great extent upon, 
straw, and also butter of the following winter, yielded nothing but vaccinic acid ; a 
sample obtained in the summer of 1843, yielded nothing but butyric and caproic acid.) 
— If the above-mentioned filtrate yields needles of caproate of baryta, this 
salt separates out almost completely at the proper degree of concentra¬ 
tion, in crystals which may be purified by pressing and recrystalliza¬ 
tion ; and the mother-liquor evaporated in the sunshine, yields at first a 
few more needles of the caproate, but afterwards pearly laminae of butyrate 
of baryta, which may likewise be purified by crystallization. (Lerch.) 
(For the preparation of the acid from the baryta-salt, vid. inf.) 

2. Four parts of butter are heated to 100° with 1 pt. hydrate of pot¬ 
ash and 4 pts. water, till the mass becomes translucent and uniform, and 
yields a clear solution with water; the solution diluted with so much 
water that it will no longer draw out into threads at the temperature of 
50°, then decomposed by an exactly equivalent quantity of tartaric acid; 
the solidified mixture of margaric and oleic acid separated, after cooling, 
from the lower liquid, and washed with water; the greater part of the 
potash precipitated from the lower liquid by further addition of tartaric 
acid; that liquid decanted from the cream of tartar; and distilled, toge- 
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ther with the wash-water of the margaric and oleic acid and the rinsings 
of the cream of tartar. The distillate is neutralized with baryta-water, 
and evaporated to dryness. The residue, which as a mixture of buty¬ 
rate, caproate, and cap rate of baryta, is treated for 24 hours with 2-77 * 
pts. of cold water, the undissolved portion again with 2*77 pts. of water, 
&c. till nothing but carbonate of baryta remains undissolved. As 
butyrate of baryta requires 2*77 pts. of cold water to dissolve it, the 
first solution contains that salt, with but small quantities of the other 
salts, whereas the following solutions consist chiefly of caproate, and the 
last of caprate of baryta, which is the least soluble of the three. These 
solutions abandoned separately to spontaneous evaporation, leave eight 
kinds of crystals, viz. (1), butyrate of baryta; (2), laminar, and (3), 
needle-shaped caproate; (4), caprate; (5), transparent laminae, united 
in cockscomb-like groups, soluble in 2*7 pts. of water, and yielding by 
spontaneous evaporation, besides the mother-liquor: partly, (6), trans¬ 
parent crystals (which by a second solution in water and recrystalliza¬ 
tion, are resolved into butyrate of baryta, octohedrons consisting of 
butyrate of baryta and lime, [the lime proceeding from the filter,] and 
delicate transparent needles, which are a mixture of butyrate of baryta 
and tbe octohedral salt,)—partly, (7), enamel-white crystals, which by 
repeated solution and crystallization, are also res >lve<l into caprate and 
caproate of baryta; and (S), opaque laminae of capro-caproate of baryta: 
tlie latter, when treated with small quantities of water, impart to that 
liquid, at first, principally the caproate, afterwards the caprate. 
(Chovreul.) 

From the butyrate of baryta after purification by repeated solution 
in a small quantity of water and crystallization, the acid is separated in 
two ways: By gradually adding to 100 pts. of the baryta-salt contained in 
a glass tube, 135 pts. of phosphoric acid of sp. gr. 1*12: the butjuic acid 
thereby separated dissolves gradually in the liquid, whereupon 12 pts. 
more of phosphoric acid, sp. gr. 1*66 arc added; the separated butyric 
acid decanted; 59 pts. of phosphoric acid of sp.gr. 1*12 then added; and 
the additional quantity of butyric acid thereby separated also removed. 
[The watery acid liquid still contains butyric acid, and when saturated with baryta-water, 
filtered, and evaporated, again yields butyrate of baryta]. The butyric acid 
obtained by decantation, which is somewhat yellow, and solidifies to a 
white mass at — 7°, is distilled, first in the water-bath, then in the sand- 
bath. [There then remains a black residue containing acid phosphate of baiyta]. 
The distillate is freed from the water, which passes over, especially at 
the commencement of the process, by digestion and subsequent distil¬ 
lation with 4 pts. of chloride of calcium. — 2. By decomposing 100 pts*. 
of butyrate of baryta with a mixture of 63*30 pts. of oil of vitriol 
and 63*36 water; decanting the butyric acid, which is colourless and 
free from sulphuric acid, from the sulphate of baryta (from which a 
small additional quantity of butyrate of baryta may be obtained by 
treating it with baryta-water, filtering and evaporating), and distilling 
it carefully in the sand-batll. There then remains a brown residue of decomposed 
butyric add. The transpareot and colourless distillate is dehydrated by 
distillation with an equal weight of chloride of calcium. (Chevreul.) 

B. By Butyric acid Fermentation ,.— To a solution of 100 pts. of 
starch-sugar (or cane or milk-sugar) marking 8 to 10° Bm., 8 or 10 parts 
of fresh sour cheese or curd are added, — or 100 pts. of starch-sugar are 
dissolved in 3 00 or 150 pts. of milk and so much water that the liquid 
exhibits a density of 10° Bm.; and the mixture, together with 50 parts of 
VOL. X. Ci- 
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chalk, set aside in an open bottle [frequently shaken] in a warm place, 
e. g. in the sun in summer, till the evolution of gas ceases, that is to 
4 say, for 6 to 12 weeks. The greater the quantity of liquid, the more 
quickly does the fermentation go on; if it be too slow, more cheese must 
be added. — When the fermentation is ended, the filtered liquid yields 
by evaporation, a large quantity of crystals of butyrate of lime, which, 
if they separate while the liquid is still warm, are free from acetate of 
lime. — 10 pts. of the crystallized butyrate of lime are dissolved in 30 
or 40 parts of water, the solution distilled with 3 or 4 pts. of commercial 
hydrochloric acid, till 10 pts. (consisting of water and butyric acid, with 
small quantities of hydrochloric and acetic acid) have distilled over. A 
large quantity of chloride of calcium is then dissolved in the distillate, 
and the impure butyric acid which rises to the top is decanted off, and 
distilled in a tubulated retort provided with a thermometer. The first 
portion cf the distillate consists of aqueous butyric acid, which is either 
used to prepare the butyrates, or dehydrated hy contact with chloride of 
calcium, decantation and distillation. The boiling point soon rises to 
104° and remains there, and at this temperature, if the receiver he 
changed, pure butyric acid is obtained; this must be boiled for some time 
in an open vessel, to expel traces of hydrochloric acid, and then redis¬ 
tilled. (Pelouze & Gelis.) — The butyrate of lime froths up strongly 
when distilled with hydrochloric acid, and therefore requires a capacious 
distillatory apparatus; the butyric acid obtained by this process is diffi¬ 
cult to purifv from admixed hydrochloric acid. (Bensch, Ann . Pharm . 
61, ITT.) 

*0 Butyric acid may also be obtained from the liquid which remains 
in the preparation of ferrous lactate by Wohlers process (digestion of 
iron filings with sour milk, with addition of milk-sugar: Ann. Phctrm . 
48. 14:9). After that salt has been separated, the liquid is mixed with a 
sufficient quantity of milk of lime to render it alkaline; set aside for 
some weeks in a warm place; and the butyric acid separated by dis¬ 
tilling with dilute sulphuric acid, neutralizing the distillate with carbo¬ 
nate of soda, evaporating, and again distilling the residue with dilute 
sulphuric acid. (Bertram, Zeitscli. Pharm. 1853, 43; Jaaresber , 1853, 
439.) «T 

Properties . The acid surrounded with a mixture of solid carbonic 
acid and ether, crystallizes in broad, transparent, colourless laminm, but 
remains liquid at -—20°. (Pelouze & Gelis.) At ordinary temperatures, 
it is a thin, transparent, colourless oil, of sp. gr, 0*9675 at 25° (0*963 at 
15°: Pelouze & Gelis; 0 9SS6 at 0°, 0*9739 at 15 : : Kopp; 0*9817 at 0°: 
Pierre.) Forms on sized paper a greasy spot which gradually disappears; 
evaporates in the air without residue (Chevreul); boils steadily at 164° 
(Pelouze & Gelis); at 157° under a pressure of 0*76 m. (Kopp, Pogg. 72, 
223), and passes over undecomposed. (Chevreul, Pelouze & Gelis.) Boils 
at 103° under a pressure of 0*7506m. In a closed space, which it fills 
to it passes completely into vapour at 220L (Pierre, A T . Ann. Ghmi. 
Phgs. 31, 118.) Vapour-density = 3*30 (Pelouze & Gelis); varies with 
the temperature. (Cahours, vii, 54.) Has a pungent odour like that of 
butter (rancid butter, according to Pelouze & Gelis), and acetic acid Has 
a very strong and pungently acid taste, afterwards sweetish, like nitrous 
ether, and makes the tongue white. Reddens litmus strongly. (Chevreul.) 
Attacks the skin like the strongest acids, (Pelouze & Gelis.) 
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Densitv. 
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8H 
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. 9*09 

6*11 

11 -gas . 

. 8 . 

... 0*5544 

40 

32 

3G*36 

30*54 

O-gas 

.... 2 . 

... 2*2185 


C"':i=0 4 .83 . . 100-00 . . 100-00 2 .... 6-1010 

1 .... 3'05G5 


The hypothetical anhydrous acid of the radical theory is C 8 H70 3 = Bu.—The 

C s H 7 0 2 ) 

hydrated acid may be represented by the formula, ^ jO 2 . 

Decompositions. 1. Butyric acid is inflammable, and burns in the 
manner of volatile oils (Chevreul), with a blue flame. (Pelouze & Gelis.)— 
When distilled in a retort containing air, part of the acid is converted into 
an aromatic substance. (Chevreul.) — 3. Butyric acid dropt into a bottle 
filled with dry chlorine gas and exposed to strong sunshine, produces a large 
quantity of hydrochloric acid, crystals containing oxalic acid which con¬ 
dense on the sides of the vessel, and a pale yellow oil of bichlorobutyric 
acid, C 8 CPH 6 O i ; if on the contrary, chlorine gas be passed through butyric 
acid contained in a Liebig’s potash-apparatus and exposed to the sun, the 
chlorine is very rapidly absorbed, and the only products are hydrochloric 
acid gas and bichlorobutyric acid, amounting to 173 tol?G per cent, of the 
butyric acid. (Pelouze & Gelis.) Calculation gives 178 per cent.: 

C s H s O* + 4 Cl = CCr 2 H°O l + 2HC1. 

This bichlorobutyric acid is decomposed by further action of chlorine into 
hydrochloric and quadrichlorobntyric acid. (Pelouze & Gelis.) — When 
bromine is cautiously added to aqeous butyrate of potash till a few drops 
of a bromuretted acid are precipitated, the liquid then evaporated to 
dryness, the residue exhausted with alcohol, and a few drops of sulphuric 
acid added to the filtrate, a compound is produced somewhat different 
from butyric acid, having a fainter odour, likewise soluble in w T ater and 
alcohol; but no bromobutyric acid, (C 8 Br 2 H c O*,) appears to be produced. 
(Cahours, N. Ann. Qkim. Phys. 19, 507.) — Iodine likewise exerts but a 
slight decomposing action, even when aided by heat, forming a small 
quantity of hydriodic acid. (Pelouze & Gelis.) 

Cold nitric acid appears to dissolve butyric acid without decom¬ 
position. (Chevreul.) Butyric acid heated with nitric acid of sp. gr. 
1 *40, is slowly oxidized and converted into succinic acid. (Dessaignes, 
Compt. rend. 30, 90.) — Cold aqueous iodic acid dissolves butyric acid 
without decomposition. (Millon.) 

4. Butyric acid dissolves in cold oil of vitriol with rise of temperature 
but without decomposition; the solution, which has a faint ethereal odour, 
becomes very slightly coloured at 100°, gives off* butyric acid together 
with a small quantity of sulphurous acid at a higher temperature, and 
slowly blackens with formation of a small quantity of charcoal. (Chev¬ 
reul.) The greater part of the butyric acid passes over unchanged. 
(Pelouze & Gelis.) 

5. Pentachloride of phosphorus converts butyric acid into C 8 C1PF. 
(Cahours, Compt . rend. 25, 724.) 

Combinations. — Butyric acid mixes with water in all proportions. The 
mixture of 2 pts. acid and 1 pt. water has a sp. gr. of 1*00287. (Chevreul.) 

The Butyrates in the dry state are inodorous even at 100°, but when 
moist they have a strong odour of fresh butter. — They are all crystal- 

G 2 
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lizable, (Chevreul.) — Several of them yield butyrone by dry distillation, 
(Chancel.) — Dry butyrate of lime distilled in small quantities at a very 
slowly increasing heat, is resolved, without any evolution of gas, into 
white carbonate of lime, and butyrone which passes over: 

2C s H'CaO i = 2(CaO,CO-) -f- C u H l! 0 2 . 

But when it is more quickly heated and in larger quantity, a considerable 
quantity of charcoal remains with the carbonate of lime; 3 or 4 per cent* 
of a gaseous hydrocarbon absorbable by oil of vitriol are given off; and 
the distillate, which has an unpleasant odour, contains, besides the buty¬ 
rone which boils at 144°, butyral boiling at 95°, and a yellowish oil 
boiling at 225° to 230°, which, as potassium remains bright in it, appears to 
be a hydrocarbon. These products are doubtless produced from the 
butyrone by the action of too high a temperature. (Chancel) — Butyrate 
of potash distilled with an equal quantity of arsenious acid, yields, with 
evolution of a stinking gas and considerable reduction of arsenic, a dis¬ 
tillate consisting of an acid, watery, colourless liquid, and below that, an 
oily liquid, blackened by arsenic, and smelling like alkarsin; this latter 
contains either alkarsin, or a corresponding compound of the butylene 
series. (Wohler, Ann . Pharm . 6S, 127.)—The statement of Pelouzo 
& Gelis, that a contamination of butyric acid with acetic acid may be 
detected by the odour of alkarsin evolved on neutralizing the acid with 
potash, evaporating, and heating with arsenious acid, is not recon¬ 
cilable with Wohler’s observation just quoted. — Dry butyrate of soda 
heated with oxychloride of phosphorus or with chloride of benzoyl, yields 
anhydrous butyric acid. (Gerliardt; see page 88.) — All butyrates are 
soluble in w^ater (Chevreul), and many, when thrown on water, rotate 
like camphor, till they are dissolved. (Chevreul, Pelonze & Gelis.) 

Butyrate of Ammonia. — Butyric acid absorbs ammoniacal gas, and is 
converted into crystals, which by further absorption, deliquesce to a thick, 
transparent, colourless liquid; hut this, when exposed for a still longer 
time to the action of the ammoniacal gas, ultimately solidifies in needles. 
(Chevreul.)—The salt is deliquescent. (Pelouze & Gelis.) — Distilled 
w T ith anhydrous phosphoric acid, it yields butyronitrile=C s NH 7 (Dumas, 
Malaguti & Leblanc, Comjit. rend. 25, 442): 

NIP,C=HW - C S NH" 4 4IIO. 

Butyrate of Potash. — Potassium eliminates hydrogen gas with violence 
from butyric acid. To prepare the salt, potash or carbonate of potash 
Is neutralized with aqueous butyric acid, and the solution evaporated. 
Crystallizes between 2.r and 30" in indistinct, cauliflower-like groups; 
its taste is sweetish and like that of butter. Very deliquescent; dissolves 
in 0‘S wmfer at 15°. (Chevreul.) Rotates on water. (Pelonze & Gelis.) 


Dried. Chevieul. 

KO . 47*2 .... 37*40 . 37*90 

C S H"O 3 . 79*0 ... 62 60 


C s H'K0 4 .. 126*2 .... 100 00 

A solution of 500 pts. of the salt in 400 pis. water, mixed with 
115 pts of butyric acid, does not decompose water without the aid of 
heat; but after dilution with water, the decomposition takes place at 
ordinary temperatures. The solution likewise does not redden litmus- 
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paper till it is diluted. Litmus-paper moistened with it, appears per¬ 
fectly blue after drying, but becomes red again every time it is moistened, 
till the excess of acid is evaporated. (Chevreul.) 

Butyrate of Soda. — Resembles the potash-salt, but is less deliquescent. 
(Chevreul.) 

Dried . Chevreul. 

NaO . 31*2 .... 28*31 . 28*78 

C s H 7 0 3 . 79*0 .... 71*69 ........ 71*22 

C s H 7 Na0 4 . 110*2 ... 100*00 . 100*00 

Butyrate of Baryta . — Baryta-water neutralized with butyric acid, is 
left to evaporate, and the resulting crystals dried at 100°* The salt 
may be melted to a colourless glass. In the moist state it smells strongly 
like fresh butter, has a warm alkaline and buttery taste, and blues 
reddened litmus slightly. A gramme of the salt subjected to dry distilla¬ 
tion, in a bent tube filled with mercury, melts, yields 47'3 cubic centi¬ 
metres of olefiant gas, and 1*7 of carbonic acid, and a thin, orange- 
yellow, neutral oil, having the odour of labiate plants (butyrone, accord¬ 
ing to Chancel), and leaves a mixture of carbonate of baryta with 
0*0033 grm. of charcoal. The aqueous solution of the salt does not 
decompose by keeping: carbonic acid precipitates from it a small quantity 
of carbonate of baryta, setting butyric acid free. (Chevreul.) 

Lerch. 



Dried at 100°. 

Chevreul. 

O) 

03) 

Bromeis. 

BaO . 

. 76*6 . 

... 49*23 ... 

. 49*37 .. 

.. 48*71 . 

... 49*02 . 

. 49*38 

SC . 

. 48*0 . 

... 30*85 


31*34 . 

... 31*03 . 

... . 31*34 

7H . 

7*0 . 

... 4*49 


4*72 . 

. 4*54 

. 3-98 

30. 

, 24-0 . 

.. 15*43 


15*23 . 

... 15*41 . 

. 15-30 

C s H 7 Ba0 4 

155*6 . 

... 100*00 


100*00 . 

... 100*00 .. 

. 100-00 


Lerch’s salt (a) and (3) is differently crystallized (vid inf') — Bromeis {Ann. 
Pharm. 42, 66) assumed, in accordance with his own analysis, lAt.H more in the salt; 
but Lerch’s analysis is likewise confirmed by Rochleder, who found 4*47 to 4*50 per 
cent. H. 

Crystals with 2 At. Water .'— Separate from the concentrated hot-solu¬ 
tion; do not melt at 100°; contain 10 07 to 10*50 p. c. water. (Chancel, 
A T . J. Pharm. 7, 119.) 

Crystals loith 4 At. Water. — Obtained by evaporation in the air. 
Melts below 100°. (Chancel.) Long, flat, compressed prisms, which are 
permanent in the air, transparent, colourless, and have a fatty lustre; in 
vacuo over oil of vitriol they remain transparent, but lose 2*25 p. c. of 
their weight, and then when heated, melt without further loss to a 
transparent glass. (Chevreul.) The crystals contain 18*83 p. c. of 
water, and melt without loss to a transparent glass at 100°. (Pelouze & 
Gelis.) 

Lerch constantly obtained anhydrous crystals infusible at 100°, and of the same 
composition, but sometimes (a) hard granular crusts, which by repeated crystallization 
passed into the following form, sometimes (/3), nacreous laminae or flat flexible prisms. 
How these observations are to be reconciled with the preceding, remains to be seen. 

The salt dissolves in 2*77 pts. of water at 10°, and rotates upon the 
surface; at 5° it dissolves in 400 pts. of -absolute alcohol. 

Butyrate of Stroniia .—Obtained like the baryta-salt. Long fiat 
needles, similar to those of the baryta-salt, anti having the same odour. 
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When heated, it melts but does not turn brown. Dissolves in 3 pta. of 

, r , //-SI TV *** 


water at 4°. (Chevreul.) 

Dried. Chevreul. 

SrO . 52 .... 39-70 ... .... 40 53 

C S H'Q 3 . 79 .... 60-30 

C 8 H?SrO‘ . 131 .. i00-00 ~ 

Btdyrate of Lime . — Obtained in a similar manner. Transparent; 


very delicate needles, wliicb smell like tlie baryta-salt. Melts wlien heated, 
emitting an aromatic odour, like that of the Labiatce . {comp. Chancel, 
p. 84.) ^ The crystals give off their water of crystallization with toler¬ 
able facility. The} T rotate on water. (Pelouze & Gelis.) The salt dis¬ 
solves in 5*69 pts. of water at 15°, and when the solution is heated, 
crystallizes out so completely that the whole becomes solid; on cooling, 
however, it resumes the liquid form. (Chevreul.) 

Dried at 140°. Chevreul. Pel. & Gelis, 


CaO. 2S ... 23-17 . 26-99 .... 26*27 

C S H70 3 . 79 ... 73-33 

C s H”Ca0 4 ......... 107 .... 100-00 - — 


Butyrate of Lime and Baryta .— The aqueous solution of *2 pts. 
butyrate of lime and 3 pts. butyrate of baryta yields octohedrons by spon¬ 
taneous evaporation. 100 pts. of these crystals, ignited with sulphuric 
acid yield 68 pts. of sulphate. 1 pt. of the salt dissolves in 3-8 pts. of 
water at 18°. 

Butyrate of Magnesia. — Beautiful white laminae, resembling crys¬ 
tallized boracic acid, containing 5 At. water, which readily escapes; they 
dissolve very readily in water and rotate upon it. (Pelouze & Gelis.) 

Butyrate of Zinc . — Aqueous butyric acid dissolves carbonate of 
zktc with effervescence, at ordinary temperatures; the solution reddens 
litmus, even when the base is in excess; the filtrate evaporated in vacuo, 
leaves shining, fusible laminae, having the taste and odour of the buty¬ 
rates. (Chevreul.) Light, snow-white, pearly laminae, sparingly soluble 
in water and alcohol. (Larocque S: Hurault, A r . J. Fharm. 9, 430. 

Dried in vacuo. Chevreul. 

ZnO... .. 40 .... 33-61 35 

C s H"0 3 . 79 . . 66*39 

GH'ZnO 4 . 119 .... 100-00 

The aqueous solution, when evaporated, gives off butyric acid, depo¬ 
sits a basic salt, and yields a residue which is still partially fusible, but, 
when water is repeatedly poured upon it and evaporated, becomes com¬ 
pletely infusible, and ultimately retains only 100 pts. of C s H 7 0 3 to 
1525 pts. ZnO. (Chevreul.) [About 30 ZnO + C R H”0 3 .] 

Butyrate of Lead. — a. Tribasic. — Oxide of lead is added in excess 
to butyric acid, whereupon heat is evolved; the solution is afterwards 
heated from without; the residue after evaporation exhausted with cold 
water; and the filtrate evaporated in vacuo over oil of vitriol. The 
residue is infusible, has but little taste, dissolves sparingly in water, and 
then absorbs carbonic acid rapidly from the air. (Chevreul.)—Alkaline 
butyrates form a copious white precipitate with subacetate of lead. 
(Zeise, J. pi\ Ckem. 29, 287.) — When an aqueous mixture of butyric 
and acetic acid is saturated with oxide of lead, and the filtrate super- 
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saturated with ammonia, small rose-coloured needles of basic butyrate of 
lead separate out; they quickly absorb carbonic acid from llio air, and 
dissolve in water through the medium of the acetate of lead which 
adheres to them. (Nickles, Ann. Fharm. 61, 340.) 


Chevreul. 

3 PbO ... 536 . 80*96 , . 81 

C N H“0 3 ... 79 . 19*04 


2PbO,C y H 7 PbQ 4 . 415 .. 100*00 


b. Monobasic ,— The solution of lead-oxide in excess of the aqueous 
acid, yields fine silky needles by evaporation in vacuo over oil of vitriol. 
(Chevreul) The same salt is precipitated by butyric acid from an 
aqueous solution of neutral acetate of lead, in the form of a colourless, 
very heavy oil, which solidifies after some time only. (Pelouze & Gelis.) 
Butyric acid, mixed with acetic acid, does not precipitate neutral acetate of lead. 
(Nickles.) The needles distilled in a bent tube filled with mercury, yield 
1 vol. olefiant gas to 9 vol. carbonic acid, together with water, and an 
oil which has a less powerful odour than that which is obtained from the 
baryta-salt, and a residue consisting of lead-oxide and metallic lead. 



Needles. 


Chevreul. 

PbO .... 

.... 112 . 

.. 58*64 . . 

60*50 

8 C . 

. 48 

. 25*13 . 

.... 24*81 

7 H .... 

... 7 

3*66 

. 2*77 

3 O 

24 

12*57 . 

11*92 

C^fiPPbO* , 

. 191 

. 100*00 .. 

. . 100*00 


Butyrate of Iron .—Aqueous butyric acid exposed to the air in 
contact with iron forms without effervescence a red solution, from which 
water throws down a very small quantity of ferric salt, which appears 
to redissolve on the addition of more water. (Chevreul.) 

j Butyrate of Copper. —Butyrate of potash (if not too dilute, according 
to Zeise) forms with cupric salts a blue-green precipitate, which may be 
obtained in the crystalline form by solution in boiling water. (Pelouze 
& Gelis.) — The crystals belong to the oblique prismatic system. Fig. 
104, together with the m and £>-faces. (Haiiy.) In vacuo over oil of 
vitriol, they lose at most 1 per cent, of their weight, and become some¬ 
what turbid. Heated alone to 100 3 , they retain their form and colour, 
and do not give off any portion of their acid; but their aqueous solution, 
when boiled, deposits a blue substance, which changes to pure brown 
oxide of copper, so that by repeated distillation with water, all the 
butyric acid passes over and all the cupric oxide is precipitated. 
(Chevreul.) 

Crystals dried in vacuo. Chevreul. 

CuO . 40 . . 29*20 . 30 

C 8 H 7 0 3 . 79 ... 57*66 

2 HO . 18 .... 13*14 

C 8 H 7 Cu0 4 ,2Aq. ~. 137 .... 100*00 

According to Pelouze Sc Gelis also, the crystals contain 2 Aq., only 1 Aq. -of which 
can be expelled by beat without decomposing the salt: according to Lies however 
(Compt. rend. 21, 321) the crystals contain only 1 Aq.; and since, according to his 
observations, they agree in form with crystallized verdigris, C 4 H 3 Cu0 4 ,Aq., he regards 
this as the hist example of the isomorphism of two homologous salts, that is to say, of 
salts which differ in composition only in the number of atoms of C 2 H 2 . 

[Respecting a butylic acid compound resembling Scbweinfurt green (\iii, 329), see 
Additions to this volume.'] 
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Mercurous Butyrate . — Butyrate of potash precipitates from mer¬ 
curous nitrate, white shining scales, resembling* those of mercurous 
acetate. (Pelouze & Gelis.) 

Butyrate of Silver. — The potash-salt likewise forms with nitrate of 
silver, white shining scales, like those of acetate of silver; they must be 
washed with cold water. (Pelouze & Gelis.) — Butyrate of baryta forms 
with nitrate of silver, in somewhat concentrated solutions, a curdy 
precipitate, and but on more dilute solutions only a cloud, — in which 
case, on leaving the liquid to evaporate, the butyrate of silver crystal¬ 
lizes out in dendrites. (Lerch.) The salt does not deflagrate when 
heated, but leaves metallic silver mixed with a little charcoal. It dis¬ 
solves sparingly in water. (Pelouze 8c Gelis.) 

Dried at 100° to 120°. Pel. & Gel. Lercli. J. Genies. 

8 C . ..43 . 24*62 .. 24*42 . . 24*85 ... 25*27 

7 H .... 7 . 3*59 ... 3*61 . 3*63 ... 3*74 

Ag. 108 . . 55*38 . . 35*39 55*45 . . 55-23 

4 0 . 32 16*41 16*58 . . 16*07 . . 15*74 

C 8 H'Ag0 4 . 195 . 100*00 .... 100*00 .. 100*00 100*00 

Butyric acid mixes in all proportions with wood-spirit and alcohol . 
(Chevrenl, Pelouze 8c Gelis.) 

It dissolves fixed oils and tallows, (Chevrenl, Barreswil.) 


V- Anhydrous Butyric Acid. C 16 H u O s =^ 8 ^ 7 q,} O 3 . 
Gerhardt. 2T. Ann. CJiirn. Fhys. 37, 31S. 

Butyric Butyrate , Butyric Anhydride. 

Obtained by treating 4 pts. of dry butyrate of soda with 2 pts. 
of oxychloride of phosphorus, the oxychloride being added drop by drop 
to the butyrate, as in the preparation of anhydrous acetic acid (viii. 335). 
The reaction consists of two stages, the first being the formation of 
chloride of butyryl and phosphate of soda: 

3 C s H"NaCM + PO-C1 3 = PNa 3 O s + 3(C 8 ir0 2 ,Cl); 
and the second, the formation of anhydrous butyric acid by the action of 
this chloride on another portion of the butyrate of soda: 

C s H"Na0 4 + C s H“O s ,Cl = NaCl + C 1C H 14 0 6 . 

As soon as the reaction is complete, the product is distilled; after which 
it is poured back upon the butyrate of soda, to decompose any portion 
of butyric chloride that may have remained unaltered, and finally 
rectified, those portions only being collected which boil at 190°. That 
which passes over at a lower temperature contains hydrated butyric acid, 
the formation of which cannot well he avoided, as the butyrate of soda 
is very deliquescent. •— 2. By the action of chloride of benzoyl on butyrate 
of soda, the decomposition being precisely similar to that -which takes 
place in the formation of anhydrous acetic acid by method 1 (viii. 835), 
butyric benzoate being first formed, and subsequently splitting up into 
butyric butyrate and benzoic benzoate. 5 pts. of chloride of benzoyl are 
mixed In a retort with 8 pts. of dry butyrate of soda, the mixture distilled, 
and the distillate rectified, first over butyrate of soda, afterwards alone. 
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Colourless, very mobile, strongly refracting liquid. Sp, gr. 0*978 at 
12*5°. Its odour is very strong, but not disagreeable, like that of 
the hydrated acid, approaching rather to that of butyric ether. Boils at 
about 190°. — Vapour-densiiy==5*3S. (Gerhardt) 

Gerhardt. 

10 C . 90 ... 00*76 .... 00*67 

14 II. 14 . . 8*86 .... 8*87 

6 0. . . 48 . . 30*38 . 30*46 


| Q 5 . 158 .... 100-00 ... 100-00 

Vol. Density. 

C-vapour . 16 .... 6*6560 

H-gas . .. 14 ... 0*9702 

O-gas . 3 .. 3*3278 


Yap. of C w H M 0 8 . 2 10*9540 

1 ... 5*4770 

A nhydrous butyric acid exposed to the air, gradually absorbs mois¬ 
ture. When poured into water, it does not mix immediately as the 
hydrated acid does, but rises to the surface in the form of a colourless 
oil. — In contact with aniline it becomes heated and forms buty ranilide. 
C 20 H 13 N O a =C 16 H u O+2C W H*N-2HO. ; 


Acid allied to Butyric Acid . 

Hircic Acid. 

Cheveeul. (1823.) Ann. Ohim. Phys. 23, 22; also Sclav. 39, 179.— 
Becherckes sur les corps gras , 151 and 236. 

Found (doubtless combined with glycerine in the form of an unknown 
fat, Hircin ) in mutton suet, to which, as well as to mutton-broth, it 
imparts the peculiar taste and smell. 

Preparation . 4 pts. of mutton suet are saponified with 1 pt. of 

hydrate of potash and 4 pts. of water; the whole supersaturated with 
phosphoric or tartaric acid; the watery liquid separated from the stearic 
and oleic acid distilled together with the wash'water; the distillate 
(which must be redistilled, if a sample of it leaves any residue on evapo¬ 
ration) neutralized with baryta-water; the solution evaporated; and the 
remaining baryta-salt decomposed with a mixture of equal parts alcohol 
and water. 

Properties. Colourless oil lighter than w r ater, not solidifying at 0°, 
very volatile. Smells like goats and like acetic acid, and reddens litmus 
strongly. 

Combinations. It is slightly soluble in water. 

The Ammonia’salt smells stronger than the free acid. — The Potash - 
salt is deliquescent. — The Baryta-salt is sparingly soluble in water, and 
contains 43*75 per cent, of baryta. 
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Hircic acid dissolves very readily in alcohol. (Chovreul.) 

The distillate obtained by CkevrenPs process yields, when neutralized 
with baryta-water and evaporated, two different salts, viz. crystalline 
hircate of baryta, which, may be purified by washing with cold water and 
recrystallization, and a very soluble salt, which partly separates out in the 
form of a salve, partly remains in the mother-liquid, and when smeared 
on the hand, smells exactly like human faeces. 

Hircate of baryta yields, by spontaneous evaporation of the aqueous 
solution, transparent, colourless pyramids, which are permanent in the 
air, have an alkaline, bitter taste, an alkaline reaction, and dissolve 
pretty easily in water. — The hircic acid obtained from this salt is very 
soluble in water. (Joss, J. pr. Ghem. 4, 377.) 

Conjugated Compounds of Butyric Acid. 

Butyrate of Methyl. 

Peloujze & Gelis, (1S44). JK Ann. Chim. Phys. 10, 454. 

Pierre. if. Ann. Chim. Bhys. 

Methylic Bvtyrate , Buiierfortuester. 

Formation and Preparation . A mixture of 2 pts. butyric acid with 
2 pts. wood-spirit and 1 pfc. oil of vitriol, becomes heated and imme¬ 
diately separates into two layers, the upper of which must be taken off’, 
washed with water, dried over chloride of calcium, and distilled. (Pelouze 
& Gelis.) — The three liquids must be repeatedly shaken up together, and 
if the mixture lias a tendency to cool, it must be kept for some time at 
50" to 80°, so that the formation of the butyrate of methyl may take 
place as quickly as possible; after the compound ether has been repeat¬ 
edly washed with water, it must be shaken up with chloride of calcium and 
chalk to remove water and free acid, and rectified two or three times 
over chloride of calcium. (Pierre.) 

Properties. Transparent, colourless liquid of sp. gr. 1*02928. 
(Pierre.) Boils at 102° (Pelouze & Gelis'); at 102*1° under a pressure 
of 0*7439 met,; but with sudden starts, unless threads of glass or pieces of 
platinum wire are immersed in it. (Pierre.) Specific heat 0*49176* 
Latent heat of vapour 87*3-3. (Favre & Silbermann, J (thresher. 1853, 78.) 
Vapour-density, 3*52. (Pelouze & Gelis.) Its odour is peculiar, but some¬ 
what like that of wood-spirit (Pelouze & Gelis); rather pleasant, like 
that of pine-apples. (Pierre.) 


10 c.... . 

. 60 . 

Pierre. 

.. 58*82 . 

... 58*69 

C-vapour . 

Vol. 

. 10 , 

Density. 

. . 4*1600 

10 H .. . 

. 10 . 

... 9*81 . 

... 9*99 

H-gas . . 

... 10 .. 

... 0*6930 

4 0 . 

32 . 

.. 31*37 . 

. . 31*32 

O-gas 

2 .. 

... 2*2186 

C w H 10 O 4 ... 

.. 102 . 

.. 100*00 . 

... 100*00 


2 

... 7*0716 


& .... / w iu 

1 .... 3-5358 


Decomposition. Butyrate of methyl is inflammable. (Pelouze & 
Gelis.) 

, Comlinations. It dissolves sparingly in water, but in all proportions 
m wood-spirit and alcohol. (Pelouze & Gelis.) 
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Butyrate of Ethyl- C 12 H 12 0 4 =C 4 H s 0 J C s l-FQ 3 . 

Pelouze & Gelis. (1844.) JV. Ann. Cl dm. Plugs. 10, 464. 

Lerch, Wohler & Borntrager, Ann. Pharm. 99, 220 and 359. 

Pierre. iV. Ann. Ckim . Phys. 19, 214. 

Butyric Ether , Vinic or Ethylic Butyrate, Buttervinester. The so-called Ananas 
oil used in perfumery consists chiefly of this ether. (Hofmann, Ann. Pharm. 81, 87.) 

Formation and Preparation. — A solution of butyric acid in alcohol 
acquires after a while the odour of pine-apples, from formation of butyric 
ether. (Chevreul.)— 1. Pelouze & Gelis, and likewise Pierre, prepared 
this compound by a process exactly similar to that above given for buty¬ 
rate of methyl. — 2. Lercli heats butyrate of baryta with a mixture of 
alcohol and sulphuric acid to the boiling point, takes off the butyric ether 
which rises to the surface, washes it with water, dries with chloride of 
calcium, and rectifies. — 3. Wohler saponifies butter with strong solution 
of potash; dissolves the resulting soap in the smallest possible quantity 
of hot strong alcohol; adds to the solution a mixture of alcohol and oil 
of vitriol till it acquires a strong acid reaction; distils till the distillate 
no longer smells of apples; rectifies the distillate several times; and dehy¬ 
drates it with chloride of calcium. [This product is lively to be contaminated 
with caproic, caprvlie, and capric ether].— 4. Butyric ether is likewise obtained 
by the action of alcohol and hydrochloric acid on the butyrins. (Berthelot, 
p. 94.) 

Properties. Transparent, colourless, very thin liquid (Pelouze <fc 
Gelis); of sp. gr. 0*90193 at 0°. (Pierre.) Index of refraction 1*3778. 
(Delfis, Pogg. 81, 470.) Boils at 110° (Pelouze & Gelis); at 119° under 
a pressure of 0*7465 met. (Pierre.) Vapour-density = 4*04. (Pelouze & 
Gelis.) Has an agreeable odour something like pine-apples (Pelouze & 
Gelis); and like pippins (Pierre); tastes sweetish, with a somewhat bitter 
after-taste, (Lerch.) 

Lerch. BorntiSger. Pierre. 

12 C. 72 .... 02*07 . 62*29 . 01*07 . 61 93 

12 H .. 12 .... 10*35 . 10*46 . 10*91 ... 10*45 

4 O . 32 .... 27*58 . 27*25 . 27*52 . 

C 12 H l2 0 4 .. .. 110 . .. 100*00 . ... 100*00 . 100*00 . 100*00 

Vol. Density. 

C-vapour . 12 . 4*9920 

H-gas . 12 .... 0*8316 

O-gas . 2 .. . 2*2186 

Tap. of Butyric ether 2 . 8*0422 

1 . 4*0211 

Decompositions. 1. Butyric ether is very inflammable. — 2. It is but 
slowly decomposed by aqueous potash, even at a boiling heat, the products 
being alcohol and butyrate of potash. (Pelouze & Gelis.) — 3. By agita¬ 
tion with aqueous ammonia, it is slowly resolved into butyramide and 
alcohol (Chancel); 

C 12 H 12 0 4 *f NH 3 = C 8 NH 9 0 2 + C 4 H 6 0 2 . 

4. Heated with glycerine and hydrochloric acid, or even with glycerine 
alone, it yields a butyrin, probably monobutyrin. (Berthelot, p. 93.) 

Combinations. It dissolves very sparingly in water, but in all pro¬ 
portions in alcohol and vinic ether.. (Pelouze & Gelis.) 
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Butyrin, 

Chevheul. (1819.) Ann. Chim . Phys . 22, 371; 23, 27.— Recherckes, 

192, 270 and 476. 

Butirine , Butterfett. — Occurs in small quantity in the butter of cows’ 
milk, together witli caproin, caprin, olein, and margarin. (Chevreul.) 

Preparation. Butyrin lias not yet been obtained free from caproin, 
caprin, olein, and margarin. Butter is freed from adhering butter-milk 
by melting it at 60° in a tall vessel, decanting the upper transparent layer 
of fat, filtering it warm, agitating with water at 40°, and again, leaving 
it to subside, decanting, and filtering. It must then be left for several 
days at 19°; the granules of margarin pressed against the sides of the 
vessel with a spatula, to extract the oily portion, and the butter filtered. 
This oily liquid, which does not redden litmus, is a mixture of butyrin, 
caproin, and olein. As the latter is much less soluble in alcohol than 
the other fats, the mixture may be shaken up at 19° with an equal 
quantity of alcohol of sp. gr. 0*796; the solution decanted from the 
undissolved portion, which consists of a large proportion of olein with a 
little butyrin; freed from the alcohol by distillation; digested — as it 
now contains free butyric acid — with carbonate of magnesia and water; 
the watery liquid containing butyrate of magnesia poured off; and the 
fat freed from admixed carbonate of magnesia by solution in alcohol, 
filtration, and careful evaporation. 

Properties. The mixture of fats thus obtained [which, as the saponi¬ 
fication shows, contains only 16 p. c. butyrin] is, according to the kind of 
butter used, a colourless, or more frequently but perhaps only accidentally, 
a yellow oil; has a sp. gr. of 0*908 at 19°; solidifies at about 0°; has the 
odour of heated butter; neutral. 

Decompositions. 1. Butyrin, by the mere boiling of its alcoholic 
solution, acquires the property of reddening litmus, from liberation of 
butyric acid. In a warm atmosphere, butyrin acquires by incipient 
decomposition, the power of reddening litmus, and a strong odour of 
butyric acid, which may however be removed by magnesia. The odour 
of butter is likewise due to small quantities of butyric acid gradually 
eliminated from the butyrin contained in it; a mixture of butyric acid 
and hog’s lard loses the odour of butter much sooner, because in such a 
mixture all the acids which it contains are in the free state, and are not 
replaced by fresh quantities as they evaporate. — 2. When heated to 
H0° with an equal quantity of oil of vitriol, and then left to itself, it 
gives off an odour of butyric and sulphurous acids. It is saponified with 
peculiar facility by potash. In this decomposition, 100 pts. of the fat 
yield (1) a quantity of butyric acid (together with smaller quantities of 
caproic and capric acid) sufficient to produce 26 pts. of baryta-salt; 
(2) 80*5 parts of a mixture of a large quantity of oleic and a small 
quantity of margaric acid, which solidifies at 32°; and (3) 12*5 pts. of 
glycerine. [Pure butyrin would probably yield nothing but butyric 
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acid and glycerin* and tlie substance examined as above still con¬ 
tained large quantities of olein* together with margarin, capric, and 
caproin.] 

Combinations. Butyrin mixes in all proportions with boiling alcohol 
of sp. gr. 0*822. The warm mixture remains clear on cooling if it contains 
120 pts. butyrin to 100 alcohol; but a mixture of 20 pts. butyrin to 100 
alcohol becomes somewhat turbid. (ChcvreuL) 

Artificial Butyrin .—When a mixture of butyric acid, glycerin, and 
oil of vitriol is heated, a yellowish oil rises to the surface. Hydrochloric 
acid gas may also be passed at ordinary temperatures through a mixture 
of butyric acid and glycerin, and the separation of the oil effected by 
addition of water. The oil obtained by either of these processes, amounts, 
after being washed with a large quantity of water, to 60 or 70 p. c. of the 
butyric acid used, and has an odour and sharp taste, due perhaps to a 
foreign product. By saponification, it is reconverted into butyric acid 
and glycerin. It is insoluble or very sparingly soluble in water, but 
dissolves in all proportions in ether and alcohol, whence it is separated 
by water. It remains still to be decided whether this artificial butyrin 
agrees in composition with natural butyrin, supposing that we can succeed 
in obtaining the latter in a state of purity. (Pelouse & Gelis, N. Ann. 
Chim. Phys. 10, 455.) 

[According to the theory developed in vii, 231, butyrin should be formed from 
1 At. glycerine + 4 At. butyric acid — 8 HO, therefore C f, H 8 Q G + 4C’ ;! II s O i — 8HO = 
C/’H 4 0-,4C S H 7 O 3 =C 33 H 32 0 14 .] 


The three following artificial butyrins homologous with the aeetins 
(ix. 495), have been obtained by the direct action of butyric acid upon 
glycerine. 


Monobutyrin. c u H u 0 9 =C 8 H 6 o- ; C 6 H 8 O c =C s | C8 *f* 0! } 01 


Berthe lot. N. Ann . Chim . Phys. 41, 261. 

This compound is obtained by exposing a mixture of glycerine and 
butyric acid, either to sunshine or to diffused daylight for three months, 
at ordinary temperatures. — 2. By heating butyric acid with excess 
of glycerine to 200° for three hours—the temperature not exceeding 
200". 

1. Neutral, oily, odoriferous liquid, having an aromatic and hitter 
taste, without any unpleasant after-taste. At — IQ 3 it remains liquid 
and almost as mobile as at ordinary temperatures. Sp. gr. 1*088 at 17'A 

a. b . c. 

14 C.. . 84 .... 51-8 51*0 ... 50*5 ... 51-8 

14 H .14 .. 8*6 ... 8*9 ... 8*8 

8 0. 64 .... 39*6 40*1 .. 40*7 

C ll II I4 O s . 162 .... 100*0 . 100*0 .... 100*0 

a and b were prepared at ^OO” 3 ; c at ordinary temperatures. 
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Decompositions* 1. Monobutyrin when exposed to the air, acquires 
a slight acid reaction. — 2. Saponified with baryta-water, it yields gly¬ 
cerine and butyric acid, the quantity of the latter amounting to about 
half that of the butyrin, which agrees with the calculated result, [the 
atomic weight of butyrin being 162, and that of butyric acid, C 8 ii a 0 4 , 
amounting to 88]. — 3. Treated with alcohol and hydrochloric acid, it 
is converted, without the aid of heat, into glycerine and butyric ether. — 
4. It is decomposed by the pancreatic juice, into butyric acid and 
glycerine. 

Combinations. Monobutyrin mixes with water, and in certain 
proportions forms a stable emulsion. When 1, 2, and 3 vol. water are 
successively added to 8 vol. monobutyrin, the water dissolves, and the 
whole forms a limpid liquid. 2 vol. more water render the mixture 
slightly opalescent: and 13 vol. more (18 in all) produce an opaque 
homogeneous emulsion,*' which is stable, and remains entire, even after 
several hours’ repose. If this mixture be successively diluted so as to 
mix with 1 vol. butyrin. first 5, then 32, and at last even 220 vol. water, 
the liquid still remains in the state of a perfect emulsion, stable and 
opalescent; 900 vol. water render the liquid almost wholly transparent, 
without actually forming a true solution. This behaviour of mono¬ 
butyrin with water serves to distinguish it from the other butyrins. 

A 'butyrin is likewise obtained by the action of hydrochloric acid gas or strong 
sulphuric acid on a mixtuie of glycerine and butyric acid (p. 93). Pliospkone and 
tartaric acid also determine the combination. — Also by heating a mixture of glycerine 
bn tv lie, butyric ether, and hydrochloric acid to 100° for several hours. On decanting 
the umlecomposed butyric ether, and evaporating, there remains a neutral, inodorous 
fixed residue which dissolves easily and completely in etliei, and when treated with 
alcohol and hydrochloric acid, is resolved into butyric ether and glycerine. — Butyric 
ether heated to 100° with glycerine alone, also yields in the course of 102 hours a trace 
of neutral matter fixed and insoluble in ether. (Berthelot.) 


IT Bibutyrin.. C“H W 0 IO =(C £ H C 0 2 ) S .C S H 9 0"=C C { (Cs f° 0 y.}-0 5 . 

Berthelot. If. Ann. Chim. Phjs. 41, 204. 

Dihdyrm, (Berthelot.) 1 — Preparation. 1. By heating a mixture of 
glycerine and butyric acid to 2<5° for several hours,' —-Whenever, in the 
preparation of monobutyrin, the temperature rises above 220°, bibutyrin appears to be 
formed at the same time. In one experiment, six tubes containing the same mixture of 
glycerine and butyric acid were heated to 200° for three hours. On opening one of 
them at the end of that time, it was found to contain a considerable quantity of mono¬ 
butyrin. The other five, heated to 275° for 12 to 15 hours longer, yielded bibutyrin, 
but in quantity less than that of the monobntvrin obtained from the single tube pre¬ 
viously opened. — 2. By heating to 200 c ‘ for several hours a mixture of 
glycerine and butyric acid diluted with water. —3. By heating to 200° 
for three hours a mixture of 1 pt. of glycerine with 4 pts. of butyric 
acid. — Berthelot originally supposed that this last mentioned process yielded another 

* This phenomenon is similar to that observed by Chevreul with natural butyrin 
and alcohol (p. 93). J 
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body, butyrldhi — C i4 H 13 0“, — but he now finds this product to be identical with 
bibutvrin. 

Neutral, odoriferous, oily liquid, which rolatizes at 820°, without 
perceptible alteration. Sp. gr. 1 082 at 17° before distillation, 1*081 
after distillation. Sp. gr. of a product obtained by the third process, 
1 082. Remains liquid at — 40\ but becomes less mobile. 

Berthelot. 

a. b . c . d. <?* f. 

22 C . 132 .... 56*9 . 53*8 53*1 52*6 54*1 54*3 53*8 

10 H . 10 .. 8*6 9*4 8*9 8*7 9*1 

10 O . 80 . 34*5 ... 36*8 3S*0 37*2 37*1 

OTW . 222 .... 100*0 . 100*0 100*0 100*0 100*0 

a. prepared at 275°, b. the Fame after distillation ; c. prepared at 200° with the 
aqueous acid ; d. prepared by the thud process and separated from the watery liquid at 
the moment of saturation by carbonate of potash; e . the portion of the same preparation 
which remained dissolved in the watery liquid and was extracted by ether; /. another 
preparation. 

Berthelot assigns to hibutyiin the formula C~H ; -0 12 , supposing only 2 At. water to 
be eliminated in its formation [C 22 H ?: O 1 - = 2C s H s 0 1 + (>H s O G —2HO] ; this formula 
requires C = 52*8 p. c.; H =8*8, which agrees with the analyses rather better than the 
formula C :: H :0 O 10 ; but as the formula C-H-O 1 - is altogether anomalous and inconsis¬ 
tent with that of other bodies of the same group (see ix. 492), and as moreover there 
appears to be considerable difficulty in obtaining this body in a definite state and free 
from monobutyrin, it is most probable that the coirect ioniruia is C~H £0 O 10 , which 
supposes the elimination of 4 At. water. 

Decompositions . 1 . Eibutyrin when healed above 320°, begins to 

turn acid and yield acrolein. — 2. Heated with water to 220° for some 
time, it is decomposed, with liberation of butyric acid. This decom¬ 
posing action of water appears also to he exerted at ordinary tempe¬ 
ratures, bibutyrin, as well as the other fbutyrins, rapidly acquiring a 
slight acid reaction when exposed to the air. This acidification is not due to 
oxidation, for raonobutyrin and bibutyrin in contact with moist oxygen, xvith or without 
addition of brass filings or oxide of lead, do not absorb any perceptible quantity of 

oxygen in the course of ten weeks -8. Bibutyrin (prepared either by the 

first or the third process) is resolved by baryta into glycerine (slightly 
saline) and about -§ of its weight of butyric acid, which nearly cor¬ 
responds with the calculated quantity, [C 22 H 20 G lfl =:242; 2C 8 H S 0 4 =176.] 
4. Treated with aqueous ammonia, it yields in five days, crystals of 
butyramide C S H 9 NQ 2 .— 5. Treated with alcohol and hydrochloric acid 
at ordinary temperatures, it is resolved, in the course of a few hours, into 
butyric ether and gl 3 7 cerine. Alcohol alone produces the same decom¬ 
position in 48 hours, at 100° in an open vessel. 

Combinations, a. With Water .— 1 vol. bibutyrin and 1 vol, water 
form a limpid mixture; the addition of another 1 vol. water precipitates 
the bibutyrin, which collects quickly at the bottom of the vessel; the 
addition of 3 vol. more water accelerates the deposition considerably; 
150 to 200 vol. water form a transparent solution or emulsion.' — 
l, Bibutyrin mixes with alcohol and ether. (Berthelot.) 
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Tributyrin. C 8 °H"- 5 O 12 =(C 6 H 0 O 3 ) 3 ; C 6 H 6 O G =C 8 | 

Berthelot. 1\ t . Ann. Chun. P/iys. 41, 267. 

Formation. From butyric acid and glycerine, with elimination of 
G At. water: 


C"°H :G 0 1: = 3C*H S 0 4 + C r H s 0 6 - 6HO. 

Preparation . By beating bibutyrin with 10 to 15 times its weight 
of butyric acid to 240° for four hours. 


Properties. Neutral, limpid, oily liquid, of sp. gr. 1*056 at 8°. Has¬ 
an odour like that of the other butyrins, and a pungent taste with 
bitter after-taste. 


Bertlielot. 

30 C. 180 .... 59*G . . 59-8 

26 H . 26 8*6 9-1 

12 0.. .96 . 31-8 31*1 


CPXP’O 12 ... 302 100*0 100*0 


Treated with alcohol and hydrochloric acid at ordinary temperatures, 
it yields butyric ether and glycerine. 

Insoluble in water; very easily soluble in alcohol and ether; spa¬ 
ringly in cold dilute alcohol. (Berthelot.) 

Comparison of natural with artificial Butyrins. Batter treated with alcohol 
yielded an oil containing 6*3 to 6*9 pts. glycerine to 10 pts. butyric acid. — The liquid 
portion of butter yielded oils containing 3*1, 3*4 and 4*0 pts. glyceune to 10 pts. 
butyric acid. — On the other hand, monobutyrin should contain 10*5 glycerine to 10 pts. 
butyric acid; bibutyrin 5*2 to 10: tnbutyiin 3 5 to 10. The composition of natural 
butyrin appears therefore to be inteimediate between that of the aitificial butyrins. 

Butyroglycsric Acid? When the liquid obtained in the preparation of the 
butyrins, as above, is satuiated vith carbonate of potash, it separates into two layers. — 
On agitating with a small quantity of ether, the upper layer forms with the ether a stable, 
mixture which admits of filtration: and if this mixture he decanted and ether added to 
it in large quantity, a watery stratum is immediately precipitated, and an upper ethereal 
stratum formed containing the neutral compound. The precipitated aqueous stratum 
retains a considerable quantity cf butyrin, which can only be separated by treating it 
25 or 30 times with cold ether. The watery liquid then remaining leaves on evaporation 
a saline mass which, when tieated with hydrochloric acid and alcohol, yields hutyiic 
ether, glycerine, and chloride of potassium (in one experiment 0*088 grm. of glycerine 
and 0*133 grm. KC1, corresponding to 0*084 grm. KQ.) This result seems to indicate 
the formation of a butyroglycerate of potash, f Berthelot, X. Ann. Cldm. I hys. 
41,271.) 


Butyrone. C u H u 0 3 =C 8 H s 0 2 ,C 6 H 6 . 

Chancel. (1844.) JV. Ann. I 3 harm. 12, 14 6; also Coinj.t. rend. 18, 
1023; abstr. J. pr . Chem. 33, 453; abstr. Ann. Pharm. 52, 295.— 
il T . J. Pharm. 7, 316, 13, 462. 

^ Chevreul obtained by the dry distillation of various alkaline butyrates, a volatile oil 
having the odour of the Labia he; this oil was nioie exactly investigated by Chancel in 
1844, and recognized as the ketone of the butyric series.* 
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Preparation. Dry butyrate of lime in quantity not exceeding a few 
grammes, is carefully heated in a retort till it is resolved into carbonate 
of lime and nearly pure butyrone, amounting to 42 or 43 p. c. of the 
lime-salt (p. 83), The product is distilled in a retort fitted with a 
thermometer; it begins to boil below 100°, but the boiling point soon 
rises to 140°; below 140°, the distillate consists chiefly of butyral; but 
between 140° and 150°, at which temperature the receiver must be 
changed, the butyrone passes over; it may be purified by a second dis¬ 
tillation. The liquid which passes over above 150°, is a mixture of 
butyrone with the oil mentioned on page 84. 

Properties . Transparent, colourless, oil, of sp. gr. 0 83. When sur¬ 
rounded with a mixture of ether and solid carbonic acid, it solidifies in 
broad, transparent, and colourless laminae. Boils at about 144°. Vapour- 
density=3*9.9. ( Compt . rend. 21, 273.) Has a peculiar penetrating 
odour and burning taste. 


Calculation, according to Chancel. Vol. Density. 

14 C ... .84 73*G9 C-vapour . 14 .. 5*8240 

14 H . . 14 . . 12*28 H-gas .. 14 .... 0 9702 

2 0 .. Id . 14*03 O-gas .... 1 .. 1*1093 


C 14 H n 0 2 . 114 .... 100*00 Vap. of butyrone 2 .... 7*9035 

1 .. 3*9517 

J Decompositions. 1. Butyrone is very inflammable and burns with a 
luminous flame. — 2. When exposed to the air, it gradually absorbs 
oxygen gas, but without acquiring any colour. — 3. Takes Are imme¬ 
diately in contact with crystallized chromic acid. — Mixed with an equal 
volume of cold moderately strong nitric acid, it rises to the top, turns 
red, and afterwards green, and when gently heated gives off with 
violence nitrous vapours mixed with carbonic acid gas aud an ethereal 
liquid smelling like butyric ether, while nitropropionic acid (ix. 430) 
remains behind. — 5. When butyrone is distilled with pentachloride of 
phosphorus, phosphoric acid remains behind, and hydrochloric acid 
passes over, together with a chlorobutyrone, C 14 H 13 Cl. — [This product 
appears rather to be chlorobutylene, C 8 H~C1,- q. #.] 

Combinations. Butyrone is nearly insoluble in wafei\ to which how¬ 
ever it imparts its odour. Mixes in all proportions with alcohol. 


Odmyl. C S H 8 ,S S ? 

Anderson (1847). Phil. Mag. J. 81, 161; also Ann. Pharm. 63, 370; 
also J '. p)\ Chem. 42, 1. 

3 lb. of linseed or olive oil is gradually distilled for a whole day 
with a small quantity of sulphur, in a flask of 5 times the capacity of 
the liquid, over a fire which must be kept uniform and can be removed 
if the mixture threatens to froth over, a piece of sulphur being also 
added from time to time, so as to keep up a uniform effervescence; the 
distillate is received in a vessel surrounded with ice and fitted with a 
bent tube, to conduct the most volatile portion into a bottle containing 
vol. x. n 
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alcohol. If tho heat he not sufficient, the mass becomes thick ami 
froths over; if it be too great, the evolution of gas becomes too violent. 
When the mass has decreased to one-third, the residue becomes very 
thick, and often causes the flask to crack. A large quantity of sulphu¬ 
retted hydrogen is evolved, and a red-brown sulphuretted oil is obtained 
together with crystals of margaric acid. By repeated rectification of 
the oil, the most volatile portion, which is the least abundant, is obtained 
in the form of a transparent, colourless, very mobile oil, boiling at 71°. 
This is impure oclmyl , of variable composition, three analyses of dif¬ 
ferent preparations giving : 


C ... 75-03 .... 7S-79 .. 79*95 

H . 12*20 ... 12*71 . . 12*75 


But this impure odmyl yields with corrosive sublimate and bichloride of 
platinum, precipitates of constant composition. 

Mercury -precipitate, — The alcoholic solution of impure adrnyl forms 
with an alcoholic solution of corrosive sublimate, a white bulky preci¬ 
pitate, which is washed on the filter with a large quantity of ether, (to 
remove another oil likewise containing sulphur,) then dissolved in a large 
quantity of boiling alcohol, from which, after filtration and cooling, the 
pure compound separates as a white nacreous powder, which appears 
under the microscope to consist of six-sided tables. Even after long 
washing with ether, it exhibits a slightly unpleasant odour, which in¬ 
creases when the compound is heated. 


Calculation according to Anderson . 

Anderson. 

1G C 

96*0 

. . 14*48 .. 

14*61 

16 II .... 

. . 16*0 

. 2*42 .. 

. ... 2*72 

4 Kg. 

. . 400 0 

.. . 60*35 .. 

. .. 60*01 

2 Cl . 

.... 70*8 

... 10*68 

. 10*46 

5 S . 

. 80*0 

.. 12*07 

... 12*48 


662*8 

.... 100*00 .. 

.... 100*28 


C s H s S 2 ,2HgCl-r C a H s S 2 ,Hg 2 $. (Anderson.) Gerhardt (iV. J. Pliarm. 12, 309) 
prefers the formula C 16 H lf1 S 4 ,2Hg-Cl. 

The precipitate gives off when heated, an oil having a disgusting 
odour. Caustic potash turns it yellow, showing that it contains not 
dichloride but protochloride of mercury. [What becomes of the disulphide of 
mercury supposed to exist in the precipitate?] The precipitate, when diffused 
in water, is immediately blackened by sulphuretted hydrogen; and then 
yields by distillation a transparent, colourless oil, perhaps pure odmyl, 
which floats on water, and whose alcoholic solution again forms a white 
precipitate with chloride of mercury, and yellow with bichloride of 
platinum. The precipitate is insoluble in water, and is not readily 
moistened by that liquid; it dissolves in some hundred parts of boiling 
alcohol, but separates as a crystalline powder on cooling; it dissolves in 
oil of turpentine at about the same rate as in alcohol; but most abundantly 
in the most volatile oil of coal-tar. 

Platimim-precijritate . — The alcoholic solution of impure odmyl gra¬ 
dually forms a sulphur-yellow precipitate with bichloride of platinum. 
(The oil which passes over between 150° and 205°, after the impure odmyl, forms an 
orange-yellow precipitate, containing 49*6 p. c. platinum.) The precipitate, when 
heated, gives off the same oil as the mercury-precipitate, and leaves black 
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sulphide of platinum. Hydrosulpliate of ammonia converts it into a 
brown powder. 


Anderson. 

16 C. 96-0 ... 20-83 22-26 

16 IT . 1G-0 3*47 ... 3 99 

2 Pt .... . 198*0 . .. 42-97 . 43'06 

2 Cl. 70-8 .... 15*37 

5 S . 80*0 ... 17*36 


460*8 .... 100*00 

C s H 8 S 3 ,PtCl 2 -f C 3 H 8 S 3 ,PtS. (Anderson.) If the precipitate be regarded as 
C lc H lfi S 4 Pt 2 Cl 2 , odmyl will be C 16 H 18 S 4 . (Gerhardt.) 

Impure odmyl dissolved in alcohol produces but a slight cloud with 
neutral acetate of lead or nitrate of silver; but, on heating the liquid, 
sulphate of lead or silver is precipitated. (Anderson.) 


f Butylic Mercaptan. C 8 H 10 S 2 =C 8 H 8 ,H 2 S 2 . 

E. Humann. J\ r . Ann. Ohim. Phys. 44, 337; Ann. Pharm. 95, 256; 
Ohem. Soc. Qu. J. 8, 274. 

formation and Trepanation. By distilling at the heat of the water- 
bath, a mixture of aqueous sulpliydrate of potassium and concentrated 
aqueous sulpliobutylate of potassium, the product being received in a 
well cooled flash: 

C 8 H 9 K0 2 ,2S0 3 + KS,HS = CH 10 S 2 + 2(K0,S0 3 ). 

The oily liquid which condenses is decanted, placed in contact with 
chloride of calcium, and distilled, the portion which passes over between 
S 5 C and 90° being collected apart. 

PropeHies. Colourless, very mobile liquid, having the peculiar 
disagreeable odour which characterises the mercaptans. Sp. gr. 0*848 at 
11*5°. Yapour-density 3TO. Boils at 88°. Has no action on vegetable 
colours. 

Humann. 

8 C . 4S ... 53*33 . 53*52 .. . 53*16 

10 H. 10 .. 11*11 . 11*71 .... 11*32 

2 S. 32 .... 35*56 

C S H 10 S 2 . 90 .... 100*00 

Vol. Density. 

C-vapour . 8 3*3280 

II-gas . 10 0*6930 

S-vapour . 1 2*2186 

Vapour of C 8 H 10 S 2 .... 2 . 6*2396 

1 .. .. 3*1198 

Alay be regarded as C s H 9 S,HS or as ^ js 2 . 

Decompositions. 1. Butylic mercaptan is very inflammable, and 
burns with a pale blue flame. — 2. Dilute nitric acid acts very strongly 
on it; the liquid turns red from formation of nitric oxide, which dissolves 
in it, but the colour disappears gradually on heating, and an oily liquid 

H 2 
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is found on tlie surface. — 3. Potassium decomposes butylie mercaptan, 
with evolution of hydrogen and formation of the compound C 8 H 9 KS 2 . — 
4. Several heavy metallic oxides in the free state, or dissolved in acids, 
decompose butylic mercaptan, forming water and a metallic butylomer- 
eaptide; e.g. with mercury : 

C 8 H 10 8 2 + HgO = C s H 9 KgS 2 + HO. 


Combinations. Butylic mercaptan dissolves very sparingly in water . 
It dissolves sulphur and iodine. 

Butylomercaptide of Potassium. C s H 9 KS 2 . — White granular com¬ 
pound. obtained by tlie action of potassium on butylic mercaptan. 

Butylomercaptide of Lead. C 8 H°PbS 2 .--Yellow crystalline precipi¬ 
tate formed on pouring an alcoholic solution of butylic mercaptan into 
acetate of lead. 

Butylomercaptide of Mercury. C s H 9 HgS 2 . — When an alcoholic 
solution of butylic mercaptan is poured upon red oxide of mercury, a 
rapid action takes place, attended with considerable evolution of heat; 
and on dissolving the pi'oduet in alcohol, and leaving the solution to 
cool, this compound is deposited in white nacreous scales, which are very 
fusible and unctuous to the touch. The compound is decomposed by sul¬ 
phuretted hydrogen, yielding sulphide of mercury and butylic alcohol. 


8 C. 

. 48 . 

... 25*39 . 

Humann. 

25*78 

9 H 

9 . 

4*70 . 

. 5*01 

Hg . 

. 100 . 

. 52*91 . 

52*55 

2 S. 

.... 32 

16*94 


C s R 9 HgS 2 ... 

. 189 . 

100-00 



Butylic mercaptan forms white precipitates w r ith acetate of copper and 
terchloride of gold . 

Butylic mercaptan dissolves in all proportions in alcohol and ether. 
(Humann.) , 


f Iodide of Butyl. C 8 H 9 I==C S H 8 ,HI. 

Wurtz, 2Y Ann. Chim. Phys. 42, 129; Ann. Pharm. 3, 115. 

Preparation . . By the action of iodine and phosphorus on butylic 
alcohol. 1*5 pt. iodine is added to 1 pt. butylic alcohol in a vessel sur- 
2*ouncled with cold water, and a quantity of phosphorus, equal to about 
To °* iodine, added in successive small portions, the mixture being 
heated towards the end^ of the process, to render the action complete, 
i he dark colour of the liquid then gradually changes to brownish yellow, 
whilst hydriodic acid is abundantly evolved, which, together with a 
small quantity of iodide cf butyl that passes over with it, is received 
m a small quanty of cold water. As soon as the colouring produced bv 
the iodine has disappeared, and the liquid is in full ebullition, it is left to 
cool, and that which remains in the distillation-vessel is washed, first with 
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tbe aqueous bydriodic acid previously collected, whereby a small quantity 
of undecomposed butylic alcohol is dissolved, and then with pure water; 
it is then dehydrated with chloride of calcium, and freed from the still 
remaining portion of butylic alcohol, by treating it while warm with 
pulverized iodide of phosphorus/ 1 till the latter crystallizes out on cool¬ 
ing. The liquid is then distilled, the distillate washed with water, dehy¬ 
drated over chloride of calcium, and rectified, the portion which passes 
over between 118° and 122° being collected apart. 

Properties. Colourless when recently prepared, but soon turns 
brown by exposure to light. Refracts light strongly. Boils at 121°, but 
when a mixture of water and iodide of butyl is distilled, the thermometer, 
at the beginning of the distillation, when the iodide of butyl chiefly 
passes over, indicates only 88° to 89°. Sp.gr. 1*604 at 19°. Vapour- 
density = 6*217. 

AVurtz. 

S C... 48 . .. 26-22 26*04 to 26 59 C-vapour.. . 8 .. 3*3280 

9 H... 9 . 4-91 . 4-92—5*13 H-gas ... . 9 . .. 0*6237 

I. 126 ... 68-87 68-68 I-vapour . 1 . 8*7356 

C 8 fl9i 183 ... 100*00 Tap. of C S R 9 I 2 .... 12*6873 

1 . . 6*3436 

Decompositions. 1. Iodide of butyl burns with difficulty, and only 
in contact with a burning body; the combustion is attended with evolu¬ 
tion of iodine vapours. — 2. It is but slowly attacked by aqueous pot¬ 
ash, even when boiled therewith for some time; but alcoholic potash 
decomposes it with formation of butylic alcohol and iodide of potassium. 
— 3. Potassium decomposes iodide of butyl, yielding butyl and iodide of 
potassium.—4. With butylate of potassium, C 8 H 9 K0 2 , it forms butylic 
ether and iodide of potassium (p. 69). — 5. With oxide of silver, it 
forms butylic ether and iodide of silver. — 6. With silver-salts, e. g. the 
carbonate, sulphate, acetate, <fec. it forms iodide of silver and a com¬ 
pound ether, e. g. carbonate, sulphate, acetate, &e. of butyl. A solu¬ 
tion of nitrate of silver is immediately precipitated by iodide of butyl. 
(Wurtz.) 


IT Bromide of Butyl. C 8 H 9 Br^C R H 8 ,HBr. 

Wurtz. V. Ann. Chim. Phgs. 42, 129; Ann . Pharm . 93, 114. 

Formation and Preparation. By the action of bromine and phos¬ 
phorus on butylic alcohol. A few drops of bromine are added to butylic 
alcohol; a small piece of phosphorus thrown in, the liquid being kept 
cool and shaken till the colour of the bromine is destroyed; the addition 
of bromide and phosphorus then repeated; and so on continually till 
vapours of hydrobromic acid are abundantly evolved, and a quantity of 

* AVurtz prepares this compound by adding 8 or 10 pts. of iodine to 1 pt. of 
phosphorus in a small flask or a glass tube that may be closed, whereupon violent 
action ensues and the resulting compound fuses. It is then heated for a few seconds 
till the layer which adheres to the glass on moving the vessel exhibits a dark red colour 
by transmitted light, and the liquid compound separates from the excess of phosphorus 
which has passed into the red modification. The iodide of phosphorus separates in the 
crystalline form on cooling, and may be easily rubbed to a dark-red powder. 
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bromine lias been added, at least equal to that of the butylic alcohol. 
The liquid is then distilled at a temperature not exceeding 100°, and the 
resulting vapours passed into a flask containing water, which dissolves 
the hydrobromic acid, while the impure bromide of butyl collects at the 
bottom. The latter is washed with water, dried with a little chloride of 
calcium, and rectified; that which passes over at 89° is pure bromide of 
butyl. 


Properties. Oily liquid, having an ethereal odour, and boiling at 
89°. Sp.gr. = 1*274 at 16°. Vapour-density 4*720. 

Wurtz. 


8 C ... 

48 

. 35-03 

. 34*58 

34*97 

9 H. 

9 

... 6*56 .. 

.. 6*67 . 

. 0*67 

Br. 

80 

58*41 


57*91 

C s H 9 Br. 

137 

.... 100*00 


99*55 

CL-vapour. 


. 8 .. 

. 3*3280 


H-gas;. 


. 9 .. 

0-6237 


Br.-xapour . .. 

. 

. 1 .. 

. 5*5465 


Yap. of C s H 9 Br 


*> 

. 9*4982 




1 

. 4*7491 



Decompositions. 1. Potassium decomposes bromide of butyl, slowly 

at ordinary temperatures, but w r ith violence when heated. When the 
two substances are heated together in a scaled tube, decomposition begins 
as soon as the potassium melts, a large quantity of gas, probably buty¬ 
lene and hydride of butyl, being evolved, and the tube explodes with 
violence. — 2. Ammonia acts slowly on bromide of butyl at ordinary 
temperatures, forming hydrobromate of butylamine. (Wurtz.) 


IF Chloride of Butyl. C 8 H 9 Ci=C 8 H 8 ,HCL 

Wurtz. JS r . Ann , Chim. Flips. 42,129; Ann. Pharm. 93, 113. 

Formation and Preparation. 1 . By the action of hydrochloric acid 
on butylic alcohol. When the alcohol is saturated with hydrochloric acid 
gas, and the liquid sealed up iu a glass tube and heated in the water- 
bath, a large quantity of chloride of butyl is produced, and may be 
obtained pure by washing the product with water, distilling, and sepa¬ 
rating the portion which goes over between 70° and 75°.—2. By the 
action of pentachloride or oxychloride of phosphorus on butylic alcohol. 
The alcohol is placed in a flask with a long neck, which must be kept 
very cool, and the chloride of phosphorus added by small portions. 
Violent action takes place, attended with great evolution of heat, and 
the pentachloride is converted into oxychloride, which then acts on the 
3ast portions of butylic alcohol. The oxychloride may also be used from 
the beginning instead of the pentachloride, in which case the action is 
less violent. In either case, the contents of the flask must be left to 
stand for ^24 hours, and then distilled, the portion which passes over 
below 100° being collected apart; this portion is then washed with water, 
dried over chloride of calcium, and rectified, collecting separately the 
portion which distils over at 70°. 
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Properties. Chloride of butyl is a liquid lighter than water, and 
having an ethereal odour, recalling also that of chlorine. Boiling point 
about 70°. 

Wurtz. 


8 0. 48'0 . 51*88 ... . 51*21 . 51*86 

9 H . 9*0 . . 9-72 . 9*69 ... 9*99 

Cl . 35*4 . . 38*40 


C S H 9 C1 . 92*4 ... 100-00 


C-vapour. 8 3*3280 

H-gas . 9 .. 0*6237 

Cl-gas . 1 .. 2-4543 

Vap. ofC 8 H 9 C1 . 2 ... 6*40C0 

1 .. 3*2030 

Chloride of butyl is rapidly decomposed by potassium, with rise of 
temperature and evolution of gas. (Wurtz.) *7 


Chloride of Butylene. C 8 H 8 ,CI-. 

Faraday (1825) and Kolbe, in the memoirs cited in connection with 
Butylene (p. 66). 

Butylene-gas mixed with an equal volume of chlorine, condenses 
quickly and with great evolution of heat, forming a transparent, colour¬ 
less oil, which tastes sweet at first, but afterwards aromatic and persist¬ 
ently bitter. (Faraday.) When dry butylene-gas mixed with hydrogen, 
as obtained by the method described on page 66, (2) is brought in contact 
with dry chlorine in a two-mouthed bottle, the bottom of the bottle, 
which becomes slightly warm, being at the same time protected from day¬ 
light, there is formed, besides the hydrochloric acid proceeding from the 
hydrogen, an oily liquid"which runs down the sides. This liquid is shaken 
up, first with slightly alkaline, then with pure water, to free it from 
hydrochloric acid; then dried over chloride of calcium; distilled as long 
as the boiling point remains below 130° (it afterwards rises to 160°, in 
consequence of the presence of compounds containing more chlorine and 
less hydrogen); and the more volatile portion submitted to repeated 
fractional distillation till the boiling point remains constant at 123°.— 
In this manner, a transparent, colourless oil is obtained, of sp. gr. 1*1112 
at 18°, vapour-density 4*426, and having exactly the agreeably sweet 
odour of its homologue, chloride of ethylene. (Kolbe.) 


8 C . 

. 48*0 . 

.. 37*86 

Kolbe. 

. . 38*2 

8 H ... 

. 8*0 . 

6*31 . 

6*8 

2 Cl . 

. 70*8 . 

55*83 . 

. . 53*5 

C S H S C1 2 . 

. 126*8 

.. 100*00 . 

... 100*5 


Vol. Density. 

C-vapour. 8 . . 3*3280 

H~gas . 8 .. 0*5547 

Cl-gas. 2 ... 4*9086 

Vap. of C 8 H S C1 2 . 2 .... 8*7913 

1 4*3956 

The oil which distils over at 132° contains 34*6 p. c. C and 5°5 H. (Kolbe.) 
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Chloride of butylene burns with a bright but sooty flame, forming 
clouds of hydrochloric acid. (Kolbo.) — When exposed to sunshine in a 
bottle containing chlorine, it is very slowly converted, with absorption ot 
chlorine and formation of hydrochloric acid, into a viscid liquid con¬ 
sisting of carbon, hydrogen, and chlorine, and not containing any crystals 
of C 4 C1°. (Faraday.) — When heated with alcoholic potash, it deposits a 
largo quantity of chloride of potassium, and tho liquid, which then 
acquires a different odour, becomes milky on addition of water, in con¬ 
sequence of tho separation of small drops of a volatile oil which has a 
peculiar odour, and is probably = C 8 C1H 7 . (Kolbo.) 

When butylene gas mixed with hydrogen is aborted by pentachloride 
of antimony, and the resulting mass distilled with addition of hydro¬ 
chloric acid, it blackens and yields an oil, which, after washing and 
drying, is found to contain 28*4 per cent. C, 4*2 H and 68*2 Cl. (Kolbo.) 
[=C B C1H 7 ,C1 2 nearly]. 

If Bromide of Butylene, C y H 8 ,Br 2 , is formed by bringing together 
bromine and butylene in the state of vapour. It is a liquid which boils 
at 160°. When heated to 100° in a sealed tube with an alcoholic solution 
of ammonia, it yields a deposit of hydrobromato of ammonia, whilo 
bromobutylene C 8 H 7 Br remains in solution. (Traite de Chimie Organique, 
pur Ch, Gerhardt, ii, 035.) 


IT Conjugated Compounds of the Primary Nucleus, C 8 H H . 

Carbonate of Butyl. C 9 iI n 0 2 =C 8 H 9 0,C0 3 . 

Wurt^. N, Ann . Chim. Phys. 42; Ann. Pharm, 93, 119. 

E. Humann. N. Ann . Chim. Phys. 44, 337. 

Xhitylic Carbonate , Kohlenbutester. 

Preparation. 1. By heating equal parts (12 grm.) of carbonate of 
silver and iodide of butyl enclosed in a strong sealed glass flask, in tho 
water-bath for two days; on opening the tubo after cooling, a small 
quantity of carbonic acid gas escapes, together with a gas (hutyleno) 
which burns with a smoky flame. The liquid product is then distilled in 
the oil-bath, and the portion which passes over above 180°, collected apart 
and again rectified. (Wurtz.) — 2. When butylic alcohol containing 
■water is treated with chloride of cyanogen, the first portion of the dis¬ 
tillate consists of carbonate of butyl, which may bo purified by re¬ 
distilling, and collecting apart the portion which passes over between 
J 80° ancl 190°. (Humann.) 

Colourless liquid, lighter than water, and having an agreeable odour 
like that of carbonate of ethyl. Boils at 190°. 

Wurtz. Humana. 

9 C . 54 .... G2*07 G2*14 01*53 

9 II . 9 .... 30*34 10*19 10*65 

3 O . 24 .... 27*59 27*37 27*K2 

CTI CUCO-.... 87 .... 100*00 . 100*00 100*00 
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Wurtz gives tlie formula C 13 II ls O° = 


CO 

C S H° 

CO 

CW 


}o= 

}° 2 


C S H»I , 

« c-o-> 


Cll ®}° 3 


Aqueous ammonia converts carbonato of butyl iuto butylic alcohol 
and butyl ure thane. (Himiann.) 

C 18 H 18 O fi + Nil 3 = C»II w O a -I- C 10 NII n Q* 

butylic butyluretliane. 
alcohol. 


Sulphate of Butyl. CTI 9 0,S0 3 . 

Wurtz, N. Ann. Cl dm. Phtys. 42; Ann. Ph arm. 93, 120. 

Butylic Sulphate , Sclavefelbutester .— 

Formed by the action of iodide of butyl on sulphate of silver at oi dinary tempe¬ 
ratures, but soon decomposed by the heat evolved in the reaction ; the mixture blackens 
in individual places, and on opening the vessel the odour of sulphurous acid is apparent. 
The action may be moderated by external cooling, but the sulphate of butyl is so 
instable that it decomposes in the course of a day, yielding sulphurous acid, a coloured 
hydrocarbon, and a peculiar conjugated acid which may be extracted by treating* the 
residue with water, and forms with baryta a salt soluble in water and drying up in vacuo 
to a gummy mass. (Wurtz.) 


Sulphobutylic Acid. 

C S H“0 3 ,2S0 3 = HO,SO 3 + C fl H a 0,S0 3 = C ^ 3 pS0 1 

Wurtz. N, Ann. Chbn. Phys. 42, 161; Ann. Pharm. 03, 122. 

BnhjlosuIphvric acid, ButyIdfhersekwefeh 'dure. 

formed by tlio direct action of sulphuric acid on butylic alcohol. 
May bo isolated by decomposing the baryta-salt with sulphuric acid, hut 
lias not yet been examined in the free state. 

PoUtsfasalt .— Strong sulphuric acid is added to an equal velumo of 
butylic alcohol: the mixture, after 24 hours, diluted with twice its bulk 
of water; then mixed with solid carbonate of potash; the liquid evapo¬ 
rated to dryness over the water-bath; and the residue exhausted with 
boiling alcohol. As the filtrate cools, the potash-salt separates in broad 
lamina) with a mother-of-pearl lustre. The salt dissolves readily in 
water, with tolerable facility in boiling alcoliol, sparingly in cold alcohol. 
The concentrated aqueous solution is precipitated by alcohol. The 
aqueous solution distilled with caustic potash yields butylic alcohol and 
sulphato of potash. 
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Wurlz. 


KO. 47*2 .... 24-57 24*11 ... 24*53' 

S C. 48*0 ... 24-07 24*82 .... 24*51 

9 H . 0*0 .... 4-68 4*04 

O . 8*0 .... 4-16 

2 SO 3 . 80*0 .... 41*52 

C S II°K0V2S0 3 . 192*2 .. . 100*00 


Baryta-salt. — Sulphuric acid and butylic alcohol arc mixed as in the 
preparation of the potash-salt; the liquid diluted with 10 times its bulk 
of water (it remains almost clear, if it has been kept cool during the 
mixing); then saturated with carbonate of baryta suspended in water; 
and the solution of sulphobutylate of baryta filtered and evaporated in 
the water-bath, till a film appears on the surface. As the liquid cools, 
the baryta-salt separates in large rhombic laminm, of a dazzling white 
colour and unctuous to the touch. The crystals dissolve vory readily in 
water; at 100° or in vacuo they give off 2 At. water. 

Crystallized. Wurlz. 

BaO . 78*6 .... 32-02 31*74 

8 C . 48*0 ... 20-01 .... 20*18 

1111 . 11-0 .... 4-58 4*03 

3 O . 24*0 .... 10*00 

2 SO 3 . 80-0 ... 33*39 


C s H 9 J3a0 2 ,2S0 3 + 2Aq. 241*6 .... 100*00 


Lime-salt .— Prepared like the preceding salts. By evaporating the 
aqueous solution, it is obtained in small nacreous crystals, which, under 
the microscope, present the appearance of six-sided laminin; they are 
anhydrous, and dissolve readily in water, forming a solution which quickly 
effloresces. (Wurtz.) 

W’Urtz. 


CaO. 28 .... 16-18 16*41 

8 C . 43 .... 27*75 

9 II. 9 .... 5*21 

0 . 8 .... 4*62 

2 SO 3 . 80 .... 46*21 

C rt If 8 Ca0-/2S0 3 . 173 .... 100*00 


Nitrate of Butyl. C 8 H°N0 ,, =C a H l, 0 ) N0 s . 

Wurtz. N. Ann. Chim. Phjs. 42 - Ann. Pharm. 90, 120. 

Butylic Nitrate , Salpeterbuiester , 

Formed by the action of iodide of butyl on nitrate of silver, with 
addition of urea to prevent the formation of nitrous acid. A fow grammes 
of pulverized nitrate of silver are mixed with a small quantity of urea 
quite recently fused, the mixture introduced into a small retort, and 
treated with a quantity of iodide of butyl not quito sufficient to decom¬ 
pose the nitrate of silver. Violent action immediately takes place, 
attended with evolution of heat, sufficient to cause part of the resulting 
butylic nitrate to distil over. The remainder is distilled between M0 U 
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and 150°, and the colourless distillato washed with water and dehydrated 
oyer cliolrido of calcium. 

Colourless liquid heavier than water; tastes sweet at first, hut soon 
leaves a pungent and aromatic after-taste. Boils at about (Wurtz.) 

Wurin, 

8 C. 48 .... 40-34 10*55 

3 H . 9 .... 7"56 7*31 

N . 14 .... 11*70 

6 O. 48 . . 40*34 

C*li 9 0,NO . 119 .... 100*00 

NO 1 } 

Wurtz writes the formula : (yjpjjO*. 

Nitrate of butyl burns with a pale flame; its vapour does not deto¬ 
nate. With alcoholic potash, it yields butylic alcohol and nitrate of 
potash. Sulphuretted hydrogen docs not act upon it. (Wnrtz.) 


Acetate of Butyl. 0 ls n I1 0 4 =0 h H“0,a‘H !, 0 3 . 

Wurtz. JV. Ann. ('him. Phys. 42; Ann. Pharm. !>S, 121. 

Butylic Acetate , BJmgbulester. 

JPrtywralion* 1. By tlio action of iodide of butyl on acetate of silver. 
The two salts in equivalent quantities arc enclosed in a small sealed flask 
and heated for several hours in the water-bath; the resulting acetate of 
butyl separated by distillation; and the distillato washed with water 
containing a little carbonate of soda, dried over chloride of calcium and 
rectified. — 2. By distilling equivalent quantities of sulphobuiylato of 
baryta and recently fused acetate of potash. 

Pure acetate of butyl is a perfectly colourless ethereal liquid, of 
sp. gr. 0*8845 at 10°. Has a very agreeable odour. Boils at J14 ,J 
Yap our-density = 4*070. 

Wurlsj. 

12C . 72 .... (52*00 ... (SI*91 

1 211 . 12 .... 10*3 1 .... 10* 12 

'1 O . 32 .... 27*00 .... 27-01 


c 3 i ro.cnw 1 .n« 

.... 100*00 

.... 100*00 

C-vapour . 

.. 12 .... 

•1*9920 

H-gas. 

.. 12 .... 

0*831(5 

O-gas. . . 

.. 2 . .. 

2*2180 

Yap. of Butylic acetate . 

.... 2 .... 

8*0122 


1 .... 

4*0211 


C/dPQ-1 

This compound may also be. represented by the formula Q«jp rO 3 . It is xneta- 

mcric with batyiate of ethyl (p. 91) formiatc of amyl, valerate of methyl, and cap role 
arid. 

* Acetate of butyl boiled for some time with solution of potash, yields 
butylic alcohol and acetate of potash. (Wurtz.) * 
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Forniiate of Butyl., C 10 H 10 O 4 = C 8 Ii 9 0,C 3 H0 3 , is obtained by distilling 
equivalent quantities of sulpbobutylate and formiatc of potash. It is an 
agreeably smelling liquid which boils at about 100°. (Wurtz ) % 


Secondary Nuclei of Butylene . 

a. Oxygen-nuclei. 

a. Oxygen-nucleus. C 8 H r< 0 3 . 

Succinic Acid, C 8 H 6 0 8 =C R H 8 0 3 ,0 r ’. 

Pott. Mem. cle VAcad. des Sciences cle Berl. 1753, 51. 

Cartiieuser. Act. Acad. Mogunt. 1, 281. 

Stock ar de Neuforn. Biss, de Succino. Lugd. Bat. 1761. 

J. Gr. Leoniiardi. De Salih, succineis . Lips. 1775. 

Wenzel. In his LeJire von der Verwandtschaft, 820. 

Richter. Neuere Gegenst. 8, 154. 

Berzelius. Ann. Ghim. 04, 187. 

Lecanu & Serrat. J. Pharm. 8, 541; also Ann Chim. Phys. 21, 328; 

also N. Tr. 8, 1, 280. — J. Pharm. 0, 89; also N. Tr. 7, 2, 98. 
Liebig & Wohler. Pogg. 18, 162. 

Felix d’Arcet. Ann . Ghim. Phys. 58, 282; also Pogg. 36, 80; also 
J. pr. Glum. 3, 212. 

Lopping. Ann. Pharm. 47, 253. 

Feiiling. Ann. Pharm. 49, 154. 

Bernsteinsiiure, ftiichtiges Bermteinsalz, Acide Succinique. — Volatile salt of amber 
was mentioned by Agricola as early as 1657; its acid nature was first recognized by 
Barclihnseiu BouLdtic and Bocrliave. 

Sources. 1. In amber. That it exists ready formed in that sub¬ 
stance has been shown by Golden, who obtained a jmrtion of the acid 
merely by boiling amber-powder with water;—by Funclco (/>Y. Arch. 
7, 181), who jbuncl that tlio tincture obtained with 10 pts. amber 
and 50 pts. alcohol requires 10 pts. of carbonate of potash to neutralize 
its acid reaction; and when evaporated with water, yields, with sepa¬ 
ration of resin, an aqueous solution of succinate of potash, whereas the 
part of the resin which is not dissolved by the alcohol yields, when 
sublimed with sulphuric acid, only a trace of succinic acid;—and by 
Berzelius {Pogg. 12, 419), who extracted the acid from amber with 
ether. — 2. In lignite from Muskau (Rabenhorst); in rctinasphalt, and 
to the amount of J- p. c. in the emjiyrcumatic oil obtained by distilling 
the lignite of Naumburg, Altenburg, or Camburg, which contains retin- 
asphalt. (Cerutti, N. Br. Arch. 22, 286). — 3. In turpentine; Scapoli 
(Grell. Ann. 1788, 2, 3 02) remarked that, in the distillation of turpen¬ 
tine, an acid liquid is obtained, which contains a crystallizable acid, 
together with acetic acid. Marabelli found this acid to ho very much 
like succinic acid; Moretti (Bull. Pharm. 8, 399) found it to resemble 
acetic acid; Paolo Sangiorgio (J. Pharm. 8, 572) first declared this acid 
to be really succinic acid, a statement which was fully confirmed in J 822 
by Lccanu & Serbat. According to the latter, this acid is deposited in 
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the node of the retort in tlie distillation of turpentine, after the greater 
part ol the oil has passed over, first in colourless crystals, afterwards in 
crystals coloured brown by resin. Rerctti {Mag. Bharm. 4, G2) also 
found this acid in turpentine; Gumbrecht ( Br , Arch. 14, 168) found it 
in oil of turpentine; but Fuucko {Br. Arch. 15, 178) did not succeed in 
obtaining it by tho distillation of turpentine. — 4. According to a state¬ 
ment of Bcissenhirtz, confirmed by John (fieri. Jahrb. 3 818, 158), suc¬ 
cinic acid is likewise obtained by the following process: A mixture 
of 1 ^ lb. honey, 2 1b. bread, 1^ lb. Silty ua elide is, 6 lb. vinegar, Gib. 
brandy, and 84 lb. water, is left to undergo tho acetous fermenta¬ 
tion; the resulting acetic acid neutralised with lime; and the acetate 
of lime distilled with -£j peroxide of manganese, f oil of vitriol, 
and -4 water; after the acetic acid has passed over, and the heat has 
been increased, 2 drachms of succinic acid sublime. In this case it is 
not positively known whether the succinic acid is an ecluct or a product; 
in Siliqua dulcis John did not find a trace of that acid. — Plum acker 
(Schw. 63, 369) did not succeed in obtaining succinic acid by Bcisscn- 
hirtz’s method. — 5. In the herb of Lactuca saliva and virosa (Kdhnkc, 
Bf. Br. Arch. 39, 153). — 6. In the herb of Artemisia Absinthium 
(Zwengcr, Ann. Fharm. 48, 122). Luck {Ann. Bharm. 54, 112) regards 
this easily crystallizable acid, which occurs in small quantity in worm¬ 
wood, as different from succinic acid. — Perhaps also tho acid obtained 
by Kahler {Br. Arch. 25, 218) from Semen Gy nos is succinic acid.— 
7. Tho mulberry-wood acid described by Klaproth {Schcr. J . 10, 3; also 
Klaproth's Beitriige, 3, 114), which sometimes exudes in combination 
with lime, from the stein of tho Morus alba , is probably nothiug but 
succinic acid. It crystallizes in needles having tho tasto of succinic 
acid, and may he sublimed, with but slight decomposition, in transparent 
colourless needles. It dissolves readily in water and alcohol, in tho 
free state, it docs not precipitate any metallic salt, but in combination 
with an alkali, it precipitates the salts of oxide of lead, sesquioxido of 
iron, protoxide of cobalt, oxide of nickel, dioxide of mercury, protoxide 
of copper, and oxide of silver. (Klaproth.)—Similar results have been 
obtained by Landcrcr. (Report, 67, 100).—Another exudation from 
Moms alba , examined by ltouchas {J. scienc . phys. 3, 303), exhibited 
different properties. — 8. According to Vorwcrk {Jahrb. pr. Bharm, 
19, 26*5), tho black carbonaceous matter formed in the preparation of 
ether contains succinic acid. —9. Hcintz (Pogg. 80, 114) found succinic 
acid in tho sacs of echinococci (hydatids) formed in the liver of a woman. 

Formation. 3. In tho oxidation of organic compounds by exposure 
to tho air. — An acid resembling succinic acid was found in a sample of 
the volatile oil of Cuminim Cymimmi which had become sour. (Cheval- 
lier, J. Ghim.med. 4, IS.) — 2. In tho oxidation of organic compounds 
by nitric acid. — Chovreul ( Recherches , 28), by continued boiling of 
stearic acid, margaric acid, stearin , spermaceti, or ethal, with largo 
quantities of nitric acid, obtained an acid resembling succinic acid, ami 
by similar treatment of oleic acid, an acid of somewhat different pro¬ 
perties. More recently, Bromeis {Ann. PJumn. 35, 90) has shown that 
stearic acid thus treated really yields succinic acid. This acid was like¬ 
wise obtained by Sthamor, Radcliff, Ronalds, and Sacc, (Ann. Bharm. 

> 43, 346, 349 and 356; 53, 229,) by the action of nitric acid on Japan 
wax, spermaceti, beeswax, and margaric acid. By boiling concentrated 
nitric acid with santonin, Heldt (Ann. Bharm. 63, 40) obtained needles 
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of succinic acid. By distilling 1 pt. of starch with 6 pts. of nitric acid 
of sp. gr, 1 '295, till the residue became charred, Tiinnermann (flchw. 
49, 221) obtained a sublimate of soft yellow crystals in the nock of the 
retort, and a watery distillate, from which an acid was prepared agreeing 
with succinic acid in every respect, excepting that [on account of impu¬ 
rities'?) it was somewhat more soluble in water. — 1L Butyric acid 
heated for 10 days ■with an equal volume of nitric acid of sp. gr. 1*40, 
the vapours being condensed and made to flow back, and the nitric acid 
renewed from time to time, yields a crystalline residue of succinic acid, 
contaminated with a deliquescent substance which may be removed by 
pressure between bibulous paper (Dessaignes, Compt. rend. 30, 50), — 
Caprylic alcohol, heated for some time with dilute nitric acid, yields 
succinic acid, together with pimclic, lipic, and butyric acids. (Bouis, 
Compt. rend. 33, 141.) IT. — 3. In the putrefaction of vegetable juices 
containing asparagin, succinate of ammonia is formed. (Piria, Compt. 
rend. 19, 576.) — Also in tho putrefaction of malatc of lime under water. 
(Dessaignes, N. Ann. Chim. Fhys. 25, 253; also N . J. Fharm. 15, 264; 
also J. pr> Ghem. 46, 350; Liebig, Ann, Fharm. 70, 104; Blcz. Arch. 
Fharm. [2], 62, 13; Griiger, Arch . Fharm. [2], 63, 137.) —If. Neutral 
and acid malate of lime, xnalate of potasli, aspartate of potash, aspartate 
of lime, maleaie of lime, and aconitatc of lime, are all converted into suc¬ 
cinates by the fermentation induced by co<sein. Asparagin under tho 
same circumstances is converted into aspartate of ammonia, which sub¬ 
sequently passes into succinate. — The peculiar substanco in the seed of 
leguminous plants, which is converted into asparagin during germination, 
is also capable of passing into asparagin by fermentation. When pea- 
flour is stirred up with water, the liquid filtered after 12 hours, and left 
to ferment after being mixed with chalk, a considerable quantity of suc¬ 
cinate of lime is formed. The same result is obtained by tho fermenta¬ 
tion of legumin alone, of the liquid separated from the legumin, and of 
the nitrogenous substance discovered by Braconnot in lcguminosm, which 
precipitates tannin. Succinic acid is likewise obtained by tho fermentation 
of an emulsion of sweet almonds, freed from oil and mixed witli chalk. 
(Dessaignes, Compt. rend. 30, 50.) Several other seeds treated in a similar 
manner also yield succinic acid. The bruised seeds are stirred up with 
water, the filtered liquid mixed with chalk, and left to ferment at 25° to 
35°. When the fermentation is complete (in 6 or 7 days), tho limo is 
precipitated by carbonate of soda, tho filtrate mixed with excess of 
hydrochloric acid and evaporated in the water* hath, the residue treated 
with boiling ether, and tho substanco loft on evaporating tho ethereal 
solution examined for succinic acid. Oats, maize, hemp, mustard, and 
gourd-seed, treated in this manner, yielded no succinic acid; walnuts 
and buck-wheat, traces; hazel nuts and acorns (after removal of tho 
tannic acid by lime) yielded considerable quantities. (Dessaignes, N. J. 
Fharm. 25, 27.) Perfectly pure maleato of lime also yields succinic 
acid when fermented with casein. (Dessaignes.) 

Preparation. A, From Amlcr. a. By distillation of Amber per se. 
The amber is heated to the melting point in a distillatory apparatus, till 
the intumescence and evolution of acid cease, and a thick brown oil 
begins to pass over. The residue, consisting of Colophonium Succini } is 
used for varnishes. The acid collects in the crystalline form in the nock 
of the retort and in the receiver, and in small quantity in tho watery dis¬ 
tillate which must be separated from the oil and evaporated. Tho 
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succinic acid thus obtained amounts to about of the amber. — The 
quantity obtained is greater in glass than in iron vessels. (Funclcc.) 

b. By Distillation with dilute Sulphuric acid. — 1 pt. of crude amber- 
powder is moistened with to oil of vitriol diluted with 1 to 0 
times its bulk of water, and the process conducted as in a. By this 
treatment; 1 pi. of amber yields about ~Aj- of succinic acid. (Pott, ( W/. N. 
Archiv. 5, 177; Bath, llermbstiidt jUusnun, 4, 253; J. A. Buclmor, 
Rupert. 3, 300; Ilisch, Schcr. Ann . 6, 18G; Funcko, Dr. Arch. 7, 181; 
Weiss, Taschenb. 1826, 37.) 

c. By boiling Amber with Nitric acid. — Coarsely pounded amber is 
beated in a retort with an equal quantity of dilute nitric acid, till the 
yellow viscid resinous mass which at first rises to the top has disap¬ 
peared; the clear liquid is then evaporated to a syrup; this syrup 
repeatedly boiled with fresh, and at last with concentrated nitric acid, 
to decompose the remainder of the resin; the resulting syrup left in the 
cold for a few weeks, till it has become crystalline; and the crystals 
drained on a funnel from the mother-liquor, which, when evaporated with 
strong nitric acid, again yields crystals and a second mother-liquid, from 
which, by renewed treatment with nitric acid, an additional quantity of 
crystals may be obtained. Lastly, the whole of the crystals collected on 
the funnel are boiled with strong nitric acid, whereby a solution is 
obtained, which, on cooling yields white crystalline succinic acid amount¬ 
ing to of the amber. Nevertheless this method is not advantageous, 
as it requires a large quantity of nitric acid, and does not yield any 
Colophonium Succini, From tho distillate obtained by heating amber 
with nitric acid, after the acid has been neutralized with potash, ether 
extracts a white crystalline matter, which exhibits all tho characters of 
ordinary camphor. (Dopping, Ann. Pharm . 49, 350.) 

Purification of the acid obtained by a or b. — The acid may ho freed 
from the greater part of the cmpyrenmatic oil by pressure between 
paper, solution in hot water, filtering through moistened paper, and 
crystallization. — To remove the last portions of oil and brown colouring 
matter, it is best to boil tho product with nitric acid, which does not 
exert any decomposing action upon succinic acid. (Morveau, Lecanu & 
Serbat; flopping.) — When 1 pt. of still brown and oily succinic acid is 
boiled for half an hour in a retort fitted with a receiver (because a little 
of the succinic acid distils over), with 4 pis, of commercial aqua forfcis 
whereupon only a small quantity of nitrous fumes is evolved at the 
beginning, arising from decomposition of the oil - - and tho liquid poured 
into a basin while still hot, tho succinic acid, being but slightly insoluble 
in nitric acid, crystallizes out almost completely ns tho liquid cools, and 
moreover in white inodorous crystals, which may he freed from tho nitric 
acid by recrystallization from water, and are then perfectly pure. The 
nitric acid mother-liquor docs not contain oxalic acid. (Bopping.) 
Fehling subjects the acid thus purified to a further crystallization from 
alcohol, whereby tho musk-like odour is destroyed. 

Les°, satisfactory modes of purification. — 1. The succinic acid is sus¬ 
pended in water; chlorine gas passed through for some hours; the liquid 
which has now become inodorous, evaporated to the crystallizing point; 
and the crystals freed from hydrochloric acid by recrystallization from 
water. (Liebig & Wohler, Fogg. 18, 163.) — When the aqueous solution 
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of succinic acid is saturated with chlorine gas, then left for 24 hours in a 
(lose vessel, and afterwards filtered and evaporated, it omits a musk-like 
odour, and yields pale 3 r ellow crystals, which cannot be obtained quite 
colourless, either by recrystallization or by subsequent treatment with 
chlorine, but only by boiling with nitric acid. (Dipping.) —Tiinncrmann 
{Sclav, 51, 4G9) boils 1 pt. of succinic acid with 1 pt. of manganese, 
3 pts. of strong hydrochloric acid, and 1 -} pt. water, filters hot, and 
purifies the resulting crystals by re crystallization from water. This 
acid when sublimed does not exhibit the slightest odour of burnt amber. 
[Is it also colourless ?] — 2. Morveau recommends the sublimation of the 
acid mixed with sand, which however docs not remove the oil. — 
3. Lowitz recommended the digestion of the aqueous acid with charcoal 
powder. — This treatment certainly decolorizes the acid, but docs not 
free it from oil. (Berzelius.) Wood-charcoal does not decolorize the 
acid but absorbs a large quantity of it, which can only bo recovered by 
long continued washing. (Doppmg.) — A mode of purification by crys¬ 
tallization from water, then by treatment with wood-charcoal, then by 
evaporation with a small quantity of nitric acid, then by passing chlorine 
through the filtered solution, is recommended by Werner -(J.pr. Chem. 
14, 246.) —4. Berzelius (Lehrb.) neutralizes the acid with carbonate of 
potash not in excess; boils the liquid with a small quantity of the 
charcoal obtained in the preparation of prussian blue; precipitates the 
filtrate with neutral acetate of lead; washes the precipitate^ well with 
water, which however dissolves a little of the succinate of lead; and 
decomposes 10 pts. of the dried precipitate with a mixture of 2 pts. oil 
of vitriol and 30 pts. water. 

B. From Stearic acid and other fatty matters ly oxidation with 
nitric acid. — 1 pt. of stearic acid, margaric acid, stearin, spermaceti, or 
ctlial, is distilled with 100 pts. of nitric acid of 32° Bm., with frequent 
coliobation, till the distillate forms a clear solution with the residuo; this 
solution evaporated in a basin; the jycllowish, tenacious crystalline 
residue set aside with 26 pts. of cold water for 24 hours; then evapo¬ 
rated; and tho resulting crystals separated from the mother-liquor. 
(Chevrcul, Recherches 3 28.) — 2. Stearic acid is distilled with nitric acid, 
the liquid being frequently cohobatod and tho acid renewed, till tho whole 
is dissolved; the solution evaporated to half its bulk; tho solidified 
suberic acid freed after 24 hours from the mother-liquor, by washing on 
a funnel; and tlio mother liquor evaporated and cooled, whereupon it 
yields crystals of succinic acid, which may he freed from tho greater part 
of the still adhering anil less soluble suberic acid, by washing with water, 
and from the remainder by washing with 3 pts. of cold alcohol or 4 pts. 
of boiling ether, which dissolves but a very small quantity of succinic 
acid. Finally, the succinic acid is crystallized once more from water. 
This treatment does not, however, remove the whole of the suberic acid. 
TIcnce tlie succinic acid thus obtained crystallizes, not only in tables, but 
also in heavy, white, solid granules; melts, after drying at 100°, as low 
as 170° to 175°; and exhibits less definite reactions. It is only by subli¬ 
mation that succinic acid can be completely freed from suberic acid, 
which is less volatile, and cannot be sublimed without decomposition. — 
Hence the crude solution of stearic acid in nitric acid, may bo evapo¬ 
rated as far as possible, at a moderate heat; mixed with water of 2(r to 
30°, and set aside; separated from the oil thus set free, which had pre¬ 
viously been held in solution by the nitric acid; again evaporated as far 
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as possible; again mixed with lukewarm water, and separated from a 
small remaining quantity of oil; then evaporated at a gentle heat till it 
begins to crystallize, and subsequently cooled; the resulting white, solid, 
granular mass, pressed between paper, thoroughly dried, and gently 
cheated in a long-necked flask placed in a sand-bath; and the succinic 
acid which then sublimes in delicate feathery crystals, purified by a 
second sublimation. The acid thus obtained is very pure, and crystal¬ 
lizes from water, no longer in round granules, but in largo tables. 
(Bromeis, Ann. Pharm. 35, 90, 37, 292.) — Japan-wax merely requires 
to be distilled for a few weeks with nitric acid, with cohobation and 
frequent addition of fresh acid, in order to yield, when the solution is 
evaporated and cooled, transparent, colourless tables of pure succinic 
acid. (Sthamer, Ann. Pharm. 43, 346.) — When spermaceti is heated for 
several days with nitric acid of medium strength, to a temperature short 
of the boiling point, the resulting solution yields by evaporation and 
cooling, crystals of succinic acid, which must bo purified by recrystal¬ 
lization, first from nitric acid, tlien from water. The mother-liquor of 
the first crop of crystals yields an additional quantity by evaporation and 
cooling; but tbc last portions are contaminated with a white substance, 
which appears to be piinelic acid, and is greater in quantity the longer 
the digestion with nitric acid has been continued. (Radcliff, Ann. Pharm. 
43, 349.)—From white beeswax, Ronalds (Ann. Pharm. 43, 356,) 
obtained by the same process, transparent lamina) of succinic acid. 

0. By the fermentation of Malate of Lime. — 12 pts. of crude malatc 
of lime, prepared by Liebig’s process, (yid. J\[<ilic acid,) from the juice 
of mountain-ash berries, are placed, after being threo times washed in an 
earthen jar, together with 40 pts. water and 1 pt. of decayed cheese 
rubbed to an emulsion with water, and the mixture set aside for 4 to 6 
days, at a temperature of 30° to 40°, till the evolution of gas has ceased. 
The granular precipitate is then collected upon linen, washed several 
times with water, and mixed with dilute sulphuric acid till it no longer 
effervesces (from admixed carbonate of lime); another equal quantity of 
sulphuric acid is then added; the mixture boiled for awhile, till the lime- 
salt is no longer granular; the liquid strained through linen; the preci¬ 
pitate on the filter thoroughly washed; the whole of the liquid evapo¬ 
rated till a crystalline crust forms on the surface; oil of vitriol then added 
in small quantities, as long as sulphate of lime is thereby precipitated; 
the liquid strained off (after dilution with water, if the gypsum forms a 
paste); the precipitate washed; and the whole of the liquid again evapo¬ 
rated : it then yields on cooling, brownish crystals of succinic acid, still 
contaminated with gypsum. Thcso crystals arc rccrystallized, first from 
pure water, then from water after boiling with a small quantity of animal 
charcoal, and ultimately freed from all tlio gypsum by solution in alcohol 
or by sublimation. By this process, 12 pts. of malatc of lime yield from 
3*75 to 4 pts of pure crystallized succinic acid : the mother-liquors do 
not retain a trace of malic acid. (Liebig, Ann. Pharm. 70, 104.) 

Projoerties. The acid crystallized from water assumes the form of 
transparent colourless prisms belonging to the oblique prismatic (mono- 
clinometric) system. Fig. 92, often with /-faces (formed by truncation of 
the acute terminal edges; by enlargement of the m-faces, the prisms 
appear like rhombic and six-sided tables. (Wackcnroder, J. <pr. Chem. 
23, 204.) Sp. gr. ~ 1*55. (Richter.) The acid melts at 180°, boils at 
von. x. x 
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2JhV (D’Arcot), and evaporates without residue* in white pungent 
vapours. It reddens litmus, hut not violet-juice. It is inodorous, and 
has a warm sour taste. 


8 O . 

0 XI. 

8 O. 

(hojdallkcd. 

48 ... 40*68 .. . 

0 .... 5*09 

61 .. 54*23 . 

D’Arcct. 

.. 41*22 . 

.. . 5*33 .. . 

.. 53*45 . ... 

Zwcrgor. 

. 40*62 

5*28 

. 54*10 ... 

Piriu. 

. 40*34 ... , 

5*22 

. 54*44 ... 

Bromois. 
... 41*98 

. . 5*37 

... 52*65 

c 8 uw 

118 . 

100*00 

... 100*00 ... 

100*00 . 

. . 100*00 .... 

.... 100*00 



Slimmer. 

Radcliff. 

Ronalds. 

Dessaignes. 

Strecker. 

c .... 


.. . 40*80 . 

.. . 40*89 .. 

. 41*06 

. . 40*88 ... 

. 10*3 

n ... . 


... 5*15 . 

. .. 5*20 . 

5*12 .. 

5*25 . 

. 5*1 

o . 


. 54*05 .. 

. 53*91 . 

. 53*82 . 

. 53*87 . , 

. 54*6 



100*00 .. 

100*00 . 

.... 100*00 . 

.. 100*00 

. 100*0 


The radical-theory assumes S = C 4 H 2 0 3 . — D*Arcct analysed the acid obtained 
from amber; Zwerger, that from wormwood; Tina, (IV. Ann. Chim. Phys\ 22, 167) that 
from a fermented solution of impure asparagin; Bromois, that irom stearic acid; 
Sthamer, that from Japan wax; Radcliff, that from spermaceti; Ronalds, that from 
beeswax; and Dessaignes and Streclcer, that from malate of lime. The crystals were in 
most cases freed from hygroscopic water at 100°. 

Decompositions. 1. The acid heated till it volatilizes, sublimes, 
with evolution of water, in colourless silky needles ol sublimed succinic 
acid, which may be regarded as C 8 H 5 0 7 , and by repeated sublimation, is 
converted, with further formation of water, into succinic anhydride. 
(D’Arcet.) 

C«H«O s « 0»H»0« + 2IIO. 

¥ 

The sublimation takes place even at 140°, though very slowly; the 
residual portion exhibits the unaltered constitution of C 8 H ( ’0 8 , whereas 
the sublimed portion = C 8 Ii 5 0 7 . (D’Arcet.) 

The sublimed acid melts at 160°, and boils at 242°, hut begins to 
sublime even at 140°. Its solution in water again yields crystals of the 
ordinary acid C s H (5 O fl . (D’Arcet.) [According to the following analyses, the 
sublimed acid is C H ll i5 () 7 '; but since by 10 sublimations it is gradually but com¬ 
pletely converted into C H II 4 Q r \ it should perhaps be regarded, not as a distinct com¬ 
pound, but merely as a mixture of C 8 IPO r ’ with C s U , () H .j 


Sublimed acid. D’Arcet. Liebig & 'Wohler. 

8 G . 48 . 44*01 41*11 44*38 

5 H . 5 . . 4*59 4*83 5*00 

7 0 . ... 50 .... 51*37 . 51*00 50*02 

C 8 H 5 0 7 . 109 .. 100*00 100*00 100*00 


2. Succinic acid, set on fire by a flaming body, burns with a pale blue 
flame. (Gm.) — 3. On heated nitre it deflagrates with a white flame. 
(Morveau.) — 4. Distilled with 2 pts. of sulphuric acid and 3 pts. of 
manganese, it yields acetic acid. (Trommsdorff.) — 5. Heated with 
excess of caustic potash, it yields oxalate of potash, but no mellitate. 
(Liebig & Wohler.) [Perhaps in this manner : 

C 8 IDG 8 + 4KO + 4HO - 2C J K20 8 + 10H.] 

It is not decomposed by chlorine gas, when sublimed therein, or 
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when tlie gas is passed through its aqueous solution, even if the solution 
is hot. (Liebig & "Wohler.) — It is not decomposed by boiling with 
strong nitric acid (Morveau, Westrumb, and others), or by chlorate of 
potash and hydrochloric acid (Folding), not even by aqueous chromic 
acid. (Winelder, Report. 46, 466.)—For the decomposition of the lime-salt by 
heat, and of the silver-salt by chlorine, see these salts. — The hydrated acid 
treated with pentachlorido of phosphorus yields anhydrous succinic acid, 
hydrochloric acid, and oxychloride of phosphorus ; 

C 8 I1 G Q 8 + PCI 8 - CWO f ‘ + P0 2 CF + 2IJC1. 

(Gerliardt & Chiozza, Compt. rend. 36, 1050; Ann. JPhann. 87, 200; 
Jahresber. 1853, 303.) 

Combinations, The acid dissolves in 24 pts. of cold, and 2 pts. of 
boiling water (Neuforn), in 5 pts. of water at 16° and in 2*2 pts. of 
boiling water. (Lecanu & Scrbat.) A solution having a density of HOI, 
contains 2*78 p. c., and that of sp. gr. 1*04, contains 10’82 p. c. acid, 
(Richter.) 

The neutral Succinates, formed from metallic oxides containing 1 At. 
metal and 1 At. oxygen, have the formula C a II l M~0 8 (according to the 
radical theory, M0,C 4 H 8 0 3 ), and the few acid salts, which can be formed, 
have the formula, C 8 H 5 MO s (or MOjCTFO 3 4- C'lFO' 1 ). The salts yield 
by dry distillation, carbonic acid and carburctted hydrogen gas, water, 
acetic acid, and cmpyrenmatic oil. (Morveau; hoo especially the lime-salt.) 
According to Buchner, (Ann. JLuirm. 88, 203,) the alkaline succinates, 
under the influence of a ferment, yield, at a certain stage of the decom¬ 
position, acetic and butyric acids. — Most succinates are soluble in water; 
those which are insoluble in water, dissolve in aqueous acetate of potash, 
so that succinate of potash mixed with acetate does not precipitate any 
heavy metallic salt. (Lecanu & Scrbat.) 

Succinate of Ammonia .— a. Neutral. — Occurs, contaminated with 
enipyreumatic oil, in Liquor Cornu Cervi succinatus, — To prepare this 
salt, the acid is dissolved in excess of aqueous ammonia, and the solu¬ 
tion evaporated to the crystallizing point over lime, within a receiver 
containing air. (Hopping.)— &mce, oven by this process, a portion of the ammonia 
is lost, and an acid salt formed, it is bettor to precipitate snbaectatc of lead with 
excess of neutral sueeinatc of ammonia, evaporate the filtrate in vacuo over oil of 
vitriol, wash the crystalline mass with a small quantity of cold water, as soon as the 
greater part of it has separated out, press between paper, mid dry under 50°. (Folding.) 
[If the acetate of ammonia protects the succinic acid from loss of ammonia, it would 
be simpler to mix the solutions of the two salts and evaporate.] Transparent, six- 
sided prisms, having a slight acid reaction, (Hopping,) perfectly neutral. 
(Folding.) When exposed to the air, they continually give oil’ammonia, 
but without efflorescing. (Hopping.) When heated, they at first give 
off ammonia and water, and the acid salt, C 8 NIi 3 0 H , which then remains, 
is resolved into bisuccinamide, (C tf NH 8 0 4 ,) which sublimes together with 
a small quantity of water, and 4HO. (Folding). The salt dissolves 
readily in water and alcohol; its aqueous solution takes up a large quan¬ 
tity of chloroplatinate of ammonium or potassium, ami consequently 
the ammonia is but imperfectly precipitated from it by bichloride of pla¬ 
tinum. (Hopping ) The aqueous solution exposed to the air for half a 
year, yields a black precipitate and becomes alkaline. (Horst, Br „ 
Arch. I, 257.) 
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Crystallized . Dipping. Fehling. 

8 C . 48 ... 31*58 31*71 31*94 

2N . 28 .. 18*42 ....... 18*50 

12 H . 12 .... 7*90 7*85 7*92 

8 0 . 64 . 42*10 . . . 41*94 _ 

C s H 4 (NH 4 ) 2 O s . 152 .... 100*00 100*00 

b. Acid Salt. — The aqueous solution of a is evaporated by beat to tlie 
crystallizing point, or 1 pt. of the acid exactly neutralized with ammonia is 
mixed with 1 pt. more of the acid, and the liquid evaporated. (Dopping ; ) 
Long transparent prisms belonging to the doubly oblique prismatic 
(triclinometric) system, jFig. 127; cleavage easy parallel to y, u, and v; 
generally with the y-face superposed; y : u — 91° 53 r ; y : v = 93° 25 r ; 
y : z = 91°4-5'; y : q = 151° 57; y : the face below u = 151° V; u : v = 
100° 15'; u : q= 119° 53'; u : the face below u = 117°; v : s = 135° 46'. 
(Brooke, Ann. Phil 22, 280.) — The salt tastes sharp, bitter, and cool¬ 
ing, and reddens litmus. — It loses scarcely 2 or 3 per cent, at 100°, but 
at 140° it volatilizes with partial decomposition. (Dopping.) When 
gently heated for some time, it gives off a large quantity of ammonia 
together with a small quantity of water, and leaves pure succinic acid 
together with a small quantity of bisuccinamide. (Bineau, Ann. Cltirn. 
Phys. 67, 241.) It dissolves readily in water and in alcohol. (Bopping.) 


Crystallized. 

8 C. 

... 48 .. 

, . 35*55 

Dopping. 
. 35*54 

N . 

.. 14 . 

.. 10*37 


9 H . 

. 9 

.. 6*67 . 

... 6*73 

8 0 ... 

... 64 

. 47*41 


C 8 X 3 (NH J )O s .. .. 

. 135 . 

.. 100*00 



Succinate of Potash. — a. Neutral. — An aqueous solution of succinic 
acid neutralized with carbonate of potash, and evaporated nearly to a 
syrup, slowly yields needles united in stellate groups. (Lecanu & Scrbat.) 
Thin rhombic tables, which give off 4*2 to 4*8 p. c. water at 100°. 
(Fehling.) The crystals are deliquescent; they give off all their water 
amounting to 6*2 per cent, at 100°, and the residue sustains without 
further loss a heat of 230° to 240°, and then fuses quietly without 
decomposition. (Dopping.) The crystals deliquesce in the air (Lccanu & 
Serbat, Dopping); they are permanent in the air. (Fehling.) They dis¬ 
solve readily in water and in weak alcohol, but are insoluble in ether. 
(Dopping, Fehling.) 

Dried at 100°. Fehling. 

2KO .. 94*4 .... 48*56 .... 48*21 

C s H 4 O s . 100*0 ... 51*44 


C S R 4 K 2 G S . 194*4 ... 100*00 

Crystallized. Dipping*. 

2 KO . 94*4 .... 40*97 . 40*39 

C s H 4 O s . 100*0 . 43*40 

4 HO. 36*0 .... 15*63 .. . 16*20 


C S H 4 K. 2 Q S t 4 Aq. . .. 230*4 . 100*00 

b. Acid Salt .—Prepared by mixing 1 pt. of the acid neutralized 
with carbonate of potash, with 1 pt. more of acid, and evaporating to the 
crystallizing point. Transparent, six-sided prisms belonging to the 
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doubly oblique prismatic system. They redden litmus; gradually become 
turbid when exposed to tlio air; give oil* all their water (17*77 to 18*0 per 
cent.) at 280° without further decomposition; and melt at a stronger heat, 
with volatilization of succinic acid and further decomposition™ They 
dissolve readily in water and alcohol. (Dopping.) 

Anhydrous crystals. Fehling. 

ICO . 47*2 .... 30*22 . 30*11 

C 8 Ii 5 0 7 . 109*0 .... 09*78 

C 8 H 5 K0 8 . 156*2 

Hydrated crystals. Popping, 

KO.*... 47*2 .... 24*50 . 24*46 

C s H 5 0 7 .„„ 109*0 .... 50*71 

4 HO. 36*0 .. 18*73 . 18*00 


C 8 H 5 K0 8 + 4Aq. 92*2 .... 100*00 

Fehling analysed crystals which did not lose anything at 100° after being dried in 
the air. Hence this salt forms anhydious as well as hydrated crystals. 

c. Ilyperacul Salt .—When 1 pt. of the acid dissolved in water is 
neutralized while hot with carbonate of potash, and 3 pts. more of acid 
added, the liquid yields on cooling, sometimes ail anhydrous salt a, 
sometimes a hydrated salt ft s which gives off 9*65 p. c, water at 100°. 
(Fehling.) 

Fehling. 

a . ft . 


KO . 

. 47*2 .. 

.. 17*22 

Crystals dried at J00°. 
. 17*48 .... 17*44 

16 C. 

. 96*0 

. 35*01 .. 

. 36*18 

.... 36*35 

11 II. 

. 11*0 .. 

.. 4*01 . 

. 3*99 

. .. 3*97 

15 0 . 

. 120-0 .. 

.. 43*76 ... 

. 42*35 

.... 42*21 


C 8 H 5 K0 8 ,C 8 H f> 0 8 . .. 274*2 .... 100*00 . 100*00 .... 100*00 


Crystals ft, air-dried. 


Fehling. 

KO. 

47*2 ., 

, . 15*67 .... 

.... 16*24 

C 8 H 5 0 7 . 

109-0 . 

... 30*19 


C»U«O a . 

118*0 

.. 39*18 


3 HO . 

27*0 

... 8*96 ... 

. .. 9*65 

C 8 H r, K 0 H , C 8 11 c O H + 3 A q . 

. 301*2 . 

... 100*00 



[Fehling reckons 1 At. less of water in the dty salt, because be obtained moro 
carbon; this may however have arisen, partly fiom his assumption of C«= 0*12, partly 
from his supposition that in the combustion with oxide of copper, the residual potash 
retained § of the carbonic acid, which was perhaps too large an allowance,] 

Succinate of Soda. — a. Neutral. — The acid neutralized with aqueous 
carbonate of soda, yields on evaporation, transparent, colourless, neutral, 
rbomboidal prisms, which arc permanent in the air. (Dopping.) Oblique 
rbomboidal prisms. (Fehling.) Bitter. They effloresce slightly in the 
air. (Lecanu & Scrbat, Fehling.) They give off all their water = 40*00 
per cent. (40*4 p. c. according to Fehling) at 100°, after which they do 
not lose any more below 230° to 240°. (Dopping.) The dry salt yields 
by dry distillation, carbonic acid and carburetted hydrogen gases, water 
containing acetic acid, a brownish yellow oil, and carbonate of soda mixed 
with a small quantity of charcoal. (Morveau.) The salt dissolves readily 
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iu water, especially in liot water (Lecauu & SerLat), and ill hydrated 
alcohol. (Dopping.) 


Dried at 100°. Fehling. 

2 NaO . 02-4 . 38'42 .. . 37-85 

8 C . 48-0 29-55 29-89 

4 H . 4-0 . . 2-47 2-68 

6 0 48-0 29-56 29-58 


C s H. 4 Na 2 O s . 162-4 .... 100-00 . 100-00 


Crystallized. 

2 NaO . 62-4 .... 23*08 

C s H 4 0 6 . 100*0 . 36*98 

12 HO. 108*0 . 39*94 

C s H 4 Na 2 O s + 12Aq. . . 270*4 . 100*00 

b. Acid Salt. — Obtained by adding to 1 pt. of tlie acid neutralized 
with carbonate of soda ; another 1 pt. of the acid, and evaporating the 
liquid at a gentle heat to the crystallizing point. (Dopping.) 

a. In a few cases the solution yields indistinct crystals which do not 
effloresce; they give off 21*44 p. c. water at 100°, but when recrystallized 
from water, yield the crystals j3. (Fehling.) 

f$. In most cases, transparent prisms are obtained belonging to the 
doubly oblique prismatic system, Fig. 128; indistinctly cleavable parallel 
to the truncation-face of the edge between u and v; y : u= 128°; y : d 
= 169 u 55'; y : v — 140° 50'; y : the truncation face between u and v = 
99° 30'; u : v = 117°6 / ; v : z = 133° 20'; u : the face between u and-y = 
115° 8'; v : the face between u and v = 108° 07' (Brooke, Ann. Fhil . 22, 
286.) [Brooke does not state whether he examined the neutral or the acid salt; hut 
the resemblance of the form with that of the acid ammonia, salt renders the latter the 
more probable. Moreover, Dopping likewise describes the crystals as six-sided prisms 
belonging to the oblique prismatic system, and Fehling describes them as large tables 

formed from shortened oblique rhombic prisms] -The crystals redden litmus, 

effloresce slowly in the air (Dopping), under which circumstances they 
soon lose 4*5 per cent. (Fehling.) They give off all their water at 100 b . 
(Dopping, Fehling.) 

The dry salt remains unaltered at 200°, and decomposes at a stronger 
heat, like the acid potash-salt. (Dopping.) With chloride of benzoyl it 
yields anhydrous succinic and benzoic acids, together with water and 
chloride of sodium. (Gerhardt & Chiozza.) 

C 8 II 5 NaO s + C 14 H r, 0-Cl = C 8 H 4 0 6 + CWO 3 + HO + NaCl. 

The salt dissolves readily in water and iu hydrated alcohol. (Dopping.) 


Dried at 100°. Fehling. 

NaO . 31*2 ... 22*25 . 21*83 

8 C . 48*0 .. . 34*24 . 34*21 

5 H .. .. . 5*0 .... 3*56 .... 3*71 

7 0 56*0 ... 39* 95 40*25 

C s H 5 NaO s . 140*2 .... 100*00 77 100*00 

Crystals a. Fehling. 

NaO . 31*2 .. 17*71 .... 17*76 

C S H 5 07.109*0 .... 61*86 

4 H0 * *** 36*0 .... 20*43 .... 21*44 


Dopping. Fehling. 

22*92 21*73 

40*00 40*40 


C s H*XaO* + 4Aq. . 


176*2 .... 100*00 
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Fehl. Dopping. 

NaO . 31* 2 .... 10**1 ... 15*89 

C 8 H r, 0 7 .109* 0 

6 HO. 27'H1 . 2ri> 

C s H 5 NaO B + GAq. 191* 2 ... 300*0 

It docs not appear possible to prepare either a (succinate of soda and ammonia , ora 
succinate of soda and potash. (Fehling, Dopping.) 

Succinate of Baryta. —Neutral . — Succinate of soda, but not the free 
acid, precipitates hydroclilorate or nitrate of baryta when not too dilute. 
(John.) From a concentrated, solution, a white heavy powder is imme¬ 
diately precipitated which does not redden litmus; a diluto solution 
deposits crystalline grains after a while, or more quicldy when heated. 
(Dopping, Fehling.) Baryta-water precipitates the same salt from a not 
too dilute solution of acid succinate of potash or soda, and without 
forming a double salt. (Dopping.) — The air-dried salt merely gives off* a 
little hygroscopic water at 200°. (Dopping, Fehling.)*—It dissolves but 
very sparingly in water or in succinic acid, with which it does not form 
an acid salt; it dissolves more readily in acetic acid, still more readily in 
dilute hydrochloric or nitiic acid, but is insoluble in ammonia and in 
alcohol. (Dopping) 

Dried at 200°. Dopping. Fehling. 


2 BaO . 155*2 00*50 00*19 59*00 

G s U l O fi , . . 100*0 59*50 

C s H 1 Ba 2 O s . 255*2 .... 100*00 


No acid baryta-salt can be formed : the clear aqueous mixture of succinic acid and 
acetate of baryta, when evaporated to dryness and treated with alcohol to extract the 
free succinic acid, leaves the neutral salt. The clear mixture of acid succinate of soda 
and chloride of barium, when heated and evaporated, deposits the neutral salt in the 
form of a crystalline powder. (Dopping.) 

Succinate of Strontiu. — Obtained by precipitating a not too dilute 
aqueous solution of a strontia-salt with neutral succinate of soda. 
(Bucholz, John, Dopping.) White powder, or, when obtained by evapo¬ 
rating the aqueous solution, crystalline grains, (Lecanu & Serbat.) It is 
anhydrous after drying in the air, and docs not loso anything at 200°. 
(Dopping.) It is insoluble in alcohol, sparingly soluble in water, but 
dissolves more readily in acetic acid. (Dopping.) The solution of this 
salt in aqueous succinic acid yields crystals (of the neutral salt, according 
to Dopping) by evaporation. (John.) 

Dried at 200 u . Dopping. 


2 SrO . 101 .... 50*98 . 50*21 

C H iDO°. 100 .. 49*02 

* O s H 4 Sr 2 0 8 . 201 . 100*00 

Succinate of Lime. — a. Neutral. — A mixture of chloride of calcium 
not too concentrated and neutral succiuate of soda deposits, after long¬ 


standing, needles of succinate of lime. (Dopping.) Even when the solu¬ 
tion is tolerably concentrated, the precipitate does not appear for some 
time; on the application of heat, it forms more quickly, but then contains 
less water. (Fehling.) The dry salt, or a mixture of 2 At. limo with 
1 At. succinic acid, yields by dry distillation a strongly empyreumatic, 
dark brown oil, from which by repeated rectification at 120°, Succinonc 
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is obtained (amounting to 0*2 per cent, of the lime-salt). Succinono is a 
tliin colourless liquid, having only a faint empyreumatic odour. It con¬ 
tains 79*86 C, 8*90 H, andT 11*24 0. (D'Arcet.) From these numbers 
D’Arcet deduces for succinone the formula C 2 *H 1G 0 3 , and explains its 
formation by the equation: 

4C S H G 0 8 - C 24 H 10 O 2 + 11C02 + 8HO; 
nevertheless, he himself admits that succinone may be only a mixture. 

a. Crystals with 2 At. Water. —When aqueous succinate of soda is 
mixed with chloride of calcium at a boiling heat, or when the cold mix¬ 
ture is heated to the boiling point, delicate needles quickly separate, 
which, after drying in the air, give off only 2*5 p. c. of water at 100°, 
and do not lose all their water, amounting to 11*2 per cent, till they are 
heated to 200°. The mother-liquor yields by evaporation a further 
quantity of the needles a 7 but when these are left in the liquid for 24 
hours, they change to the needles (3. (Fehling.) 

/3. Crystals with 6 At Water. —A mixture of succinate of soda and 
chloride of calcium left in the cold or gently heated, deposits, after several 
Lours,—the more quickly as the solution is more concentrated,—needles 
which gradually increase in size and hardness. After drying in the air, 
they give off 22*35 p. c. (5 At.) water at 100°, and at 200°, the entire 
quantity, amounting to 26*4 p. c. (6 At.) (Fehling.) The air-dried 
needles give off the greater part of their water at 100°, and the whole 
between" 120° and 130°, so that at 200°, nothing more is evolved. 
(Dopping.) 

The salt dissolves sparingly in water and in acetic acid, better in 
succinic acid, very easily in nitric or hydrochloric acid, but is insoluble in 
alcohol. 

Dried at 200°. Fehling. 


2 CaO . 


. 56 .... 

35*90 .... 

.. 36*03 

C s H 4 0 G . . 


. 100 .... 

64*10 . 

.. 63*97 

C s H 4 Ca 2 O s . 


... 156 .... 

100*00 . 

.. 100*00 

Ait 

'-dried 

Crystals a. 



2 CaO... 


.. .. 56 . 

.. 32*18 .. 

.. 32*32 

C s H 4 0 6 . 


.. .. 100 

... 57*48 


2 HO. 


18 

. 10*34 .. 

. 11*20 

C s H 4 Ca 2 0 3 + 2 Aq 


.. 174 . 

... 100*00 


2 CaO . 

56 . 

,.. 26*67 

.. 26*74 

.... 2078 

C s II 4 0 6 . 

100 . 

.... 47*62 



6 HO . 

54 . 

... 25*71 

.... 26*42 

.... 26-10 

C s H 4 Ca 2 O s + 6 Aq. 

210 . 

... 100*00 




b . Acid Salt. — 1. The solution of the salt a in excess of succinic 
acid, when evaporated to the crystallizing point, yields on cooling, clear, 
transparent prisms with four-sided summits; they are permanent in the 
air and redden litmus. (Dopping.) — 2. When the aqueous acid is 
allowed to act on finely pounded marble, there is formed, together with 
a small portion of the undissolved salt cz, a solution of the salt b 7 which 
crystallizes in long needles on cooling. The saturated solution of the 
salt a in moderately heated dilute nitric acid likewise yields crystals of 
the same salt, though not so fine. — The crystals give off all their water 
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at 100°, and nothing farther till they are heated to 200°. (Fehling. 
Their powder gives off vapours of succinic acid at 150°: hot alcohol 
extracts from it the half of its acid, leaving the salt a. The salt b is 
somewhat less soluble in water. (Dopping.) 

Dried at 100°. Folding. Fehling. 

Ca . 28 .... 20*44 .... 20*88 CaO . 28 .... 18*07 .... 18*07 

C 8 I1 5 0 7 . 109 .. 79-56 OffFO" 109 .... 70*02 

2 110... 18 .... 11*01 .... 11*50 

CWCaOS 137 .... 100*00 +2Aq. 155 .... 100*00 

Succinate of Magnesia. — a. Basic. — Precipitated by ammonia from 
the aqueous solution of the salt b 9 in the form of a white powder, which, 
after drying in the air, gives off but a small quantity of water at 100°, 
but the whole at 200°, and then remains unaltered at 230°. (topping.) 


Dried at 200° 
G MgO . 

120 .. 

.. 54*55 .... 

Popping. 

.... 54*76 

o*h 4 o« . 

100 ... 

.. 45*45 


4MgO,C 8 H 4 Mg a O s . 

220 .. 

.. 100*00 


Dried at 100°. 

6 MgO . 

caiw. 

3 no. 

. 120 
. 100 
. 27 

.... 48*58 .. 
... 40*49 

.... 10*93 

Popping. 

. 19*24 

.... 10-71 

4MgO,C s II l Mg-0 8 + 3Aq. 

217 

.... 100*00 



b. Neutral — The hot aqueous acid readily dissolves carbonate of 
magnesia, and when evaporated after saturation and set aside in the cold, 
slowly deposits neutral prisms which are permanent in the air. These 
crystals give off nearly all their water at 100°, and the rest at 130°. 
They dissolve readily in water, but are insoluble in alcohol. (Popping.) — 
The crystals, which appear to bo rhombohedral, become turbid in the air 
without perceptible loss, give off 40*1 p. c. of water at 100°, 41*0 at 150°, 
and the whole, amounting to 42*0 per cent, at 200°; after that they 
suffer no further loss at 250°. (Fehling.) The salt was kept at eacli of 
these temperatures for six hours, till it sustained no further loss at that 
temperature. 

Moreover, Fehling distinguishes two salts containing less water, which 
crystallize from solutions more completely evaporated. One of those 
salts, a, forms clear crystalline crusts which are permanent in the air, 
give off 30 \56 p. c. (8 At.) water at 100°, and 7'2 p. c. (2 At.) more at 
200°. — The other salt /3, forms in tlio syrupy solution in nodules, which 
increase till the solution solidifies; arc very hard; change to the salt a 
when exposed to the air for some years; dissolve in water more slowly 
than a; give off 10*15 p. c. water at 100°; and suffer no further loss 
at 250°: 


2 MgO . 

C 8 H 4 0 6 .... 

Dried at 200°. 

. 40 .... 

. 100 .... 

28-57 .. 

71-43 

Popping. 

. 29*14 .... 

Fehling. 

.... 28*99 

C 8 H 4 Mg 2 0 8 . 

. 140 .... 

100*00 




Ordinary Crystals. 

Popping. 

Fehling. 

2 MgO . 

. 40 .... 

, 16*13 .. 

. 16*33 .... 

.... 16*19 

C 8 H 4 0°.... 

. 100 .. . 

40*32 



12 HO. 

. ... 108 .. 

43*55 . 

. 42*83 ... 

.... 43*10 


C 8 H 4 Mg 2 0 8 + 12Acp 248 .... 100*00 
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Succinate of Magnesia and Potash. — 1 pt. of the aqueous acid is 
saturated with carbonate of magnesia; 1 pt. more of the acid added; and 
the solution neutralized with carbonate of potash and evaporated, first 
by hea^ afterwards in the air at ordinary temperatures. — Double six- 
sided pyramids, neutral and permanent in the air. The air-dried crystals 
give off 20*79 p. c. water at 100°, and leave a residue which deliquesces 
in the air. They dissolve readily in water, but with difficulty in 
hydrated alcohol. (Dcpping.)—Sometimes, instead of this salt, there is 
obtained an indistinctly crystallized saline mass containing a much larger 
quantity of magnesia. (Dopping.) 

Crystals. 

KG . . 47*2 22-24 

MgO 20-0 .... 9-42 

C S ETO° . 100*0 .... 47*13 

5 HO . 45*0 21*21 

C s H 4 KMgO s -b 5Aq . 212*2 .... 100*00 

Succinate of Cerium. — Cerous salts form a white, curdy precipitate 
with alkaline succinates. Succinate of ammonia, however, does not form 
any precipitate with cerous acetate. The precipitate dissolves very 
sparingly in water, even on addition of succinic acid, but readily in tho 
stronger acids. (Berzelius.) 

Succinate of Ytiria. —Alkaline succinates added to concentrated 
solutions of yttria-salts, throw down succinate of yttria in nodular crys¬ 
tals. (Klaproth.) From concentrated yttria-salts, succinate of soda 
throws down a crystalline powder in the course of a few minutes; from 
more dilute solutions, it throws down crystalline granules, after a longer 
time only. The salt contains 6 At. water, two of which are given off at 
100°. It decomposes slowly at a red heat. Dissolves sparingly in cold, 
more readily in warm water. (Berlin.) 

Succinate of Glucinu. — Alkaline succinates precipitate glucina-salts 
(Eckeberg.) The precipitate dissolves with difficulty in water. (Ber¬ 
zelius.) 

Succinate of Alumina. — According to Gehlin & Bucholz, succinate 
of soda precipitates hydrochlorate of alumina (not however according to 
BonsdorfF, from very dilute solutions); Wenzel obtained by direct com¬ 
bination an insoluble salt, together with a soluble salt which crystallised 
in prisms. 

Succinate of Thorinu. — Succinate of ammonia added to neutral 
thorina-salts throws down white flakes; hydrate of thorina in contact 
with the aqueous acid, is converted into the same salt, only a trace of 
which is dissolved by excess of succinic acid. (Berzelius.) 

Succinate of Zirconia. — Succinate of ammonia precipitates zirconia- 
saits. 

Succinate of Molybdous Oxide. — Like the acetate. (Berzelius.) 

Succinate of Molybdic Oxide. — Like the acetate. (Berzelius.) 

Succinate of Molybdic Add —The colourless solution obtained by 
digesting together the two aqueous acids, yields by evaporation, yellow 


Doppmg. 

9*72 

20*79 
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crystals, from which alcohol separates a yellow powder, dissolving out 
only the succinic acid. (Berzelius, JPor/t/. <>, 384.) 

Aqueous succinic acid dissolves an extremely small quantity of Hydrated Vanadic 
Oxide, forming a pale blue liquid, which, when left to evaporate, leaves a white powder 
mixed with crystals of the acid. Neutral alkaline succinates do not precipitate vanadous 
salts. (Berzelius.) 

Chromous Succinate. — Succinate of soda forms with protochloride of 
chromium a scarlet precipitate, which when dried in vacuo becomes 
lighter and in some places bluish green; the same change of colour takes 
place immediately on exposure to the air. (Moberg, J. pr. Chem. 44, 330.) 


Red powder dried in vacuo . Moberg. 

2 CrO . 72 . .. 37-89 . 37*06 

8 C. 48 . . 25-2G .... 25*37 

6 H . 6 3*16 . 3*25 

8 O 64 . . 33*69 . 34*32 


C s H 1 Cr-0 8 + 2Aq. 190 ..100*00 .... 100*00 


Chromic Succinate ? — Neutral succinate of soda forms with scsqni- 
chloi*ide of chromium, a pale green pulverulent precipitate, insoluble in 
water, but soluble in acetic acid. (Hayes.) — The "bluo precipitate 
obtained with sesquichloridc of chromium dissolves in succinate of soda, 
and is precipitated from the solution by alcohol. (Berlin.) — According 
to Fehling, green sesquichloridc of chromium is not precipitated by suc¬ 
cinate of soda. — When chromic acetate is precipitated with succinic 
acid, and the precipitate exhausted with water, the iilirate yields on 
evaporation green-coloured crystals of succinic acid, hut no definite salt, 
(Dopping.) — The green solution of hydrated chromic oxide in warm 
aqueous succinic acid yields by evaporation, first crystals of green- 
coloured succinic acid, and then dark violet octoliedrons [ 1 \. (Moser.) — 
The blue solution of the blue hydrate in the acid leaves on evaporation 
an amorphous mass, which is blue by reflected, red by transmitted light, 
and from which water extracts nothing hut the excess of acid. 
(Berzelius.) 

Uranic Succinate. — Obtained by precipitating a uranic salt with an 
alkaline succinate; pale yellow, sparingly soluble in water. (Richter.) 

Ma injurious Succinate. — The pale red solution of manganous car¬ 
bonate in the aqueous acid yields reddish, transparent, highly lustrous, 
rhombic prisms, double four-sided pyramids, and four-sided tables, which 
are permanent in the air, and have a slightly acid saline taste. When 
heated, they become white and like porcelain; by dry distillation, they 
give off, first water, and then a brown oil, together with carbonic acid 
and carburetted hydrogen gases. They dissolve in 10 pts. of water at 
19°, but are insoluble in alcohol. (John, JV. Gehl. 4, 439.) — The prisms 
belong to the doubly oblique prismatic (triclinometric) system; they are 
of an amethyst colour, neutral, permanent in the air, give off all their 
water at 100°, and only a trace at 200°. (Dopping.) 


Air-dried crystals. Dopping. John. 

2 MaO. 72 .. 29*51 29*57 30 27 

C 8 H 4 0 6 . 100 .. . 40*98 

8 HO . 72 .... 29*51 28*71 


CTI 4 Mn 2 O s + 8Aq. 244 .... 100*00 
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Succinic acid dissolves but a very small quantity of recently precipitated Antimonic 
oxide (Wenzel, Dopping); the acid potash or soda-salt likewise dissolves only a trace of 
that oxide. (Feliling.) 

Succinate of Bismuth. — By digesting succinic acid with hydrated 
oxide of bismuth, a soluble salt is obtained, containing but a very small 
quantity of bismuth, and crystallizing in yellow laminae, together with an 
insoluble salt. (Wenzel.) 

Succinate of Zinc. —When recently precipitated carbonate of zinc is 
added very slowly and by small portions to a boiling aqueous solution of the 
acid, which must remain in excess, the salt separates as a white crystal¬ 
line powder. The air-dried salt gives off a little hygroscopic water at 
100°, and nothing more at 200°. It dissolves very slowly in water and 
succinic acid, readily in mineral acids, acetic acid, ammonia and potash, 
but is insoluble in alcobol. (Dopping.)— Succinate of soda docs not 
precipitate chloride of zinc. (Bucholz.) 


Dried at 200°. Dopping. 

2 ZnO . 80-4 .... 44*37 . 45*18 


C 8 H 4 0 G . 100*0 .... 55*43 

C 3 H 4 Zn 2 O s . 180*4 .. 100*00 


Succinate of Cadmium. — The metal dissolves very sparingly in 
aqueous succinic acid, the carbonate very readily. — The solution yields 
by evaporation, transparent prisms united in spherical groups, which dis¬ 
solve readily in water, and when treated with alcohol, are resolved into 
an acid salt, which dissolves in the alcohol, .and a more neutral salt easily 
soluble in water. (John.) 

Stannous Succinate . — According to Bucholz, succinate of soda forms 
a precipitate with stannous hydrochlorate. Wenzel, by digesting 30 pts. 
of succinic acid with 10 pts. of hydrated stannous oxide, obtained a 
liquid containing a very small quantity of tin and 11 pts. of residue 
(neutral salt?). 

Stannic Succinate .— By double decomposition. —White, insoluble. 


Succinate of Lead. — a. Polybasic. — a. Kemains when the salt c is 
digested with ammonia, in the form of a white anhydrous powder, very 
sparingly soluble in water. (Berzelius.) It gives off but very little water 
at 100°, and. nothing more at 200°. Hot acetic acid converts it into the 
salt e. It dissolves readily in dilute nitric acid and in potash-1 oy, but is 
insoluble in alcohol. (Dopping.) — /3. A similar salt is obtained by mixing 
subacetate of lead with a small quantity of ammonia, and precipitating 
with succinate of ammonia. (Fell ling.) 
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b. Basic. — Precipitated on mixing subacetate of lead, witli neutral 
or acid succinate of ammonia, potash, or soda. The precipitate obtained 
with the acid soda-salt from hot solutions, coagulates to a plastic mass, which 
hardens as it cools, and when exposed to the air for several days, becomes 
brittle, and may be rubbed to a powder which no longer bakes together 
at 100 °. The salt dried at 130° gives off 1*13 p. c. more at 230°, but 
turns brown at the commencement. The salt is converted by ammonia 
into the salt a, and by boiling acetic acid into c. It is insoluble in water 
and alcohol, but soluble in potash/ (Popping.) — Even when 1 pt. of 
succinic acid is dissolved, together with an equal quantity of oxalic, 
tartaric, malic, or nitric acid, in 1000 pts. of water, it still forms in hot 
solutions, this characteristic tenacious precipitate. (Kolmkc, N. Jh\ 
Arch. 39, 153.) 

The salt may be obtained in the crystalline form by the following pro¬ 
cesses: a. A boiling neutral solution of succinate of ammonia is added, by 
small portions, to a boiling and tolerably strong solution of sub-acetate 
of lead, till the white precipitate just ceases to redissolve, after which 
the clear liquid is left to cool in a closed vessel. If the inner sides of the 
vessel be then scratched with a glass rod, the whole of the salt separates 
in a few minutes, in the form of a white powder; if } on the contrary, the 
liquid be left at rest, it yields, in two or three days, rosette-shaped crystals, 
having the same composition; and tho decanted mother-liquor yields an 
additional quantity of the pulverulent salt on scratching the vessel with 
the glass rod. The air-dried salt, either crystallized or pulverulent, 
gives off only a trace at 230°, at which point it begins to turn yellow. — 
13. Sometimes, instead of a, crystals arc obtained having the composi¬ 
tion given under ft; these crystals give off 1*99 p. c. of water at 100°, 
and nothing more at a higher temperature. — 7 . When neutral succinate 
of potash or soda is boiled with moderately strong subacetate of lead, 
and the liquid decanted from the plastic mass into a flask which can bo 
closed, it yields, after some months, a few large crystals, which after 
dryingfin the air, give off 3*35 per cent, of water at 150°, and nothing 
more at 220 °. (Fehling.) 


Bopping. 


Fehling. 


3 PbO. 

. 33G . 

... 77-07 

dried at 130°. a. 

.... 7G-<)7 .. 78-33 

(3 dried over 
oil of vitriol. 
.. . 7G*78 

7* 

air-dried. 
... 75*00 

8 C. 

. 48 . 

... 11*01 

.... 10-71 

. .. 10-79 

.... 9*71 

4 II . 

. G . 

. . 0-91 

.... 0-83 

.... 1-19 

.... 1-21 

G O. 

. 48 . 

. 11*01 

... 10-13 

.... 11*21 

... 13*48 

FbO,C s IIWO s 

4.3G 

... 100*00 

.... 100*00 

.... 100*00 

.... 100*00 


Fehling regards the salt a as SPbOjOTPO 5 ; the salt /3 as GPbCbCTDO 0 ; and the 
salt 3Pb0,C 8 H f, 0 7 . 


c . Neutral. — Obtained by precipitating neutral or basic acetate of 
lead with the free acid, or nitrate of chloride of lead with an alkaline 
succinate. (Berzelius, Dopping.)—White crystalline powder, which 
separates in long narrow laminae from the solution in hot aqueous suc¬ 
cinic acid; anhydrous. (Berzelius.) The air-dried salt loses two or three 
per cent, of hygroscopic water at 100°, and no more at 230°, at which 
temperature it begins to turn brown. (Dopping.) When more strongly 
heated, it blackens, and burns away with a glimmering light, leaving a 
mixture of lead and oxide of lead. (Winckler, Repert. 39, GO.) It 
is converted into the salt a by ammonia, (Berzelius.) It is but very 
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sparingly soluble in water, acetic acid, or eveniu heated succinic acid, and 
is insoluble in alcohol. (Dopping.) It dissolves in aqueous neutral acetate 
of lead. (Winckler.) 



Dried at 100°. 


Berzelius. 

Dopping. 

Fehling. 

2 PbO . 

. 224 . 

. . 69*13 ... 

... . 69 10 ... 

.... 69*12 . 

.. . 70*05 

8 C . 

. 48 . 

... 14*82 . 

. 14*71 ... 


.... 14 81 

4 H . 

. 4 . 

... 1*23 

. . 1*39 ... 


.... 1*16 

60 . 

. 48 . 

... 14*82 

14*80 


.... 13*98 

C s H 4 Pb 2 O s 

. 324 . 

.. . 100*00 .. 

. ... 100*00 . 


. .. 100*00 


[The salt analyzed by Fehling was obtained by decomposing succinic ether with 
oxide of lead; he regards it as 2Pb0,C 8 H 3 0 5 ; but this formula requires 71*llPbO, 
15-24C, 0*95 H and 12*70 0.] 


Ferrous Succinate. — Alkaline succinates form with ferrous salts a 
grey-green precipitate, which oxidizes in the air, and dissolves with 
difficulty in water, somewhat more readily in aqueous succinic acid. 
(Berzelius, Lehrb.) It dissolves partially in ammonia and ammoniacal 
salts. (Wittstein.) 

Ferric Succinate. — a. Polybasic, — a . When the recently precipi¬ 
tated salt b is treated with warm aqueous ammonia, it becomes gelatinous 
and darker, and after washing and drying at 200°, appears black-brown 
and easy friable, and contains 95*8S p. c. ferric oxide, therefore about 
= 30 Fe 2 Q 3 ,C s H 4 0 6 . — ft. By treatment in the cold, a salt is obtained, 
which has a similar appearance, but after drying at 200°, contains 93*21 
p. c. ferric oxide, and has, therefore, about the composition 18 Fe 2 0 3 , 
C 8 H 4 0 6 . (Dopping.) According to Bucholz also, a more basic salt is 
obtained by boiling the recently precipitated salt b with water; but 
according to Dopping, such is not the case. — When a ferric salt is pre¬ 
cipitated by succinate of ammonia slightly supersaturated with ammonia, 
the precipitate contains 80 p. c. of ferric oxide. (Fehling.) 

b. Basic. —Neutral alkaline succinates form with susquichloride of 
iron, a pale brown-red gelatinous precipitate. (Bucholz.) — In this 
reaction, one-third of the succinic acid is set free. Probably in this 
manner: 

3C*H<K 2 O s + 2Fe 2 Cl 3 + 2110 = 2(Fe 2 0 3 ,C s H*0 G ) + OTTO 8 + GKCl. 

# If the iron solution contains a little free acid, the whole of the ferric 
oxide is indeed precipitated, but redissolves during the washing, unless 
the precipitate be boiled up and left to cool again. (Berzelius.) — The 
precipitate settles hut slowly, and is difficult to wash on the filter, 
because it coagulates to a solid paste, which does not readily allow the 
water to pass through. But if the chloride of iron be mixed with 
acetate of soda before precipitation with the succinate, the precipitate 
obtained is not gelatinous, but forms a pale brick-red powder, which 
settles down quickly, and after addition of 70 per cent, alcohol, easily 
lets the liquid run through the filter, but becomes gelatinous as soon as 
an attempt is made to wash it with water, without however altering its 
composition. (Dopping.) ° 

The precipitate when dry has a dark red-brown colour, (Bucholz,) and 
is easily rubbed to a dark brick-red powder. (Dopping.)—It requires a heat 
of 180 to free it from hygroscopic water, and rapidly absorbs water again 
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from tlie air. (Dopping.) Tlio dry salt swells and glows when ignited, 
leaving 38*5 p. c. of dark brown-red oxide. (Bucholz.) — It is insoluble in 
water. (Bucholz,) and dissolves very sparingly but without alteration in 
boiling water. (Dopping.)— According to Bucholz, whose statement is contradicted 
by Dopping, it is resolved by boiling with water into a more acid salt which dissolves, 
and a residue of basic salt.—The recently precipitated salt dissolves pretty 
freely in boiling succinic acid; the solution when evaporated, deposits 
the greater part of the salt in flakes of unaltered composition, and finally 
yields crystals of succinic acid coloured with a small quantity of salt, 
from which it maybe separated by alcohol. (Dopping.) Wenzel obtained 
a similar solution by boiling ferric hydrate with excess of succinic acid; 
this solution is not precipitated by alkalis, (vid. inf Winckler.) —Since, 
in the precipitation of a ferric salt by neutral alkaline succinates, ^ of 
the succinic acid is set free, this free acid redissolves a portion of the 
precipitate when the mixture is boiled, forming a very pale red solution; 
but the undissolved portion, when dried at 200°, contains 43*9 p. c. 
ferric oxide, therefore not perceptibly more than before. (Dopping.) — 
The salt b dissolves slowly in cold, readily in hot acetic acid. (Dopping.) 
It dissolves readily in dilute mineral acids. (Bucholz, N. Geld. 2 , 515.) 
When this salt is precipitated by excess of ammonia or soda, it redis¬ 
solves therein, forming a liquid which, in the course of 12 hours, solidi¬ 
fies to a light brown-red jelly. (Winckler, llepert. 39, 6*5.)— The statement 
of Lecanu & Serbat, that this salt b is likewise soluble in aqueous acetate or nitrate 
of soda, is unfounded. (Berzelius, Jahrcsber. 4, 192 ; Gra.) 

Dried at 200°. Dopping. 

Fe 2 0 3 . 80 .... 44* 14 ... 43* 16 to 13*80 

C a H 4 0« . 100 .... 55*50 

Fe 3 0 3 ,C 8 H 4 0 6 . 180 .... 100 00 

Without further analyses, it is impossible to construct a formula for this salt 
according to the substitution-theory. 

Succinate of Cobalt. — Alkaline succinates form only with concen¬ 
trated solutions of cobalt-salts, a peach-blossom coloured, somewhat 
soluble precipitate. (Berzelius, Macaire-Princop, /. Dharm. 15, 529.) 

Succinate of Nickel. — The pale green solution of hydrated oxide of 
nickel in hot succinic acid, yields, when evaporated over oil of vitriol in 
a vessel containing air, small, green, crystalline nodules, which, after 
being pulverized, maybe purified from tlio free acid by alcohol. The 
salt does not redden litmus, gives off nearly all its water at J()() n , the 
whole at 130°, and remains undecomposed at 200°. It dissolves in water, 
acetic acid, and ammonia, but not in alcohol. (Dopping.) 


2 NiO. 

C a H 4 O fi . 

Dried at 200° 

. 75 . 

. 100 .... 

... 42'8G .... 
.. 57*14 

Dopping. 

.... 42*28 

C a H 4 Ni s O s . 

. 175 . 

. 100*00 


Air-dried cry dais. 

Dopping. 

2 NiO . 

. 75 .. 

... 30*36 .... 

.. 30*38 

C^H'O 6 . 

. 100 .. 

.. 40*49 


8 HO . 

. 72 .. 

.. 29*15 .. 

.... 29*08 

C 8 HWO a + 8Aq. 

.217 .. 

.. 100*u0 
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Cupric Succinate . — Alkaline succinates added to cupric salts throw 
down curdy flakes of a fine green colour (Macaire-Princep); pale blue 
flakes. (Wmckler.)— By digesting 10 pts. of cupric. carbonate with 
30 pts. of succinic acid dissolved in water, there is obtained 17 per cent, 
of nndissolved pale green salt, and a solution of succinic acid containing 
copper. (Wenzel.) When recently precipitated cupric carbonate is 
added to the boiling aqueous acid, which must remain in excess, the salt is 
obtained in the form of a soft, bluish green, crystalline powder, which, 
after drying in the air, gives off only 2 or 3 per cent, of hygroscopic 
water at 100°, and nothing more at 200°. It dissolves with difficulty in 
water and succinic acid, forming a pale green solution, more easily in 
acetic acid, but is insoluble in alcohol (Dopping), and likewise in ether. 


(Unverdorben.) 

Dried at 200°. Bopping. 

2 CuO . 80 .... 44*44 . 44-11 

C s H 4 0 6 . 100 . 55*56 


C 8 H 4 Cu 2 O s . ISO .... 100*00 

Mercurous Succinate. — Alkaline succinates form a white precipi¬ 
tate with mercurous nitrate. (Bucholz, Gehlen.) The precipitate is con¬ 
taminated with basic mercurous nitrate. — It is insoluble in water, suc¬ 
cinic acid, and alcohol, but dissolves readily in nitric acid. (Dopping.) 
With an excess of succinate of soda, a white precipitate is obtained, 
which when washed on the filter, begins to dissolve and pass through 
milky, as soon as all the succinate of soda is removed; turns yellow when 
further washed with water; and when boiled with that liquid, becomes 
black from reduction of mercury. The filtrate contains mercuric as well 
as mercurous oxide in solution. (H. Rose, Pogg. 53, 127; comp. Hard’ 
and Burkhardt, X. Br. Arch . 5, 287, and 11, 272.) 

Mercuric Nitrate. — Recently precipitated mercuric oxide is par¬ 
tially converted by long boiling with the aqueous acid into a white 
powder which contains rather more than 2 At. oxide to 1 At. acid; the 
liquid contains a small quantity of mercuric oxide in solution. — When 
mercuric acetate is evaporated to dryness with succinic acid, and tho 
excess of acid dissolved out by alcohol, there remains a sparingly soluble 
white powder, free from acetic acid, but containing mercurous acid, — 
Neither succinic acid, nor the soda-salt precipitates corrosive sublimate. 
The latter mixture yields by evaporation, silky needles, apparently con¬ 
sisting of a compound of mercuric chloride with succinate of soda. 
(Dopping.) — Succinate of soda added to mercuric acetate throws down 
a fine white powder. (Winckler.) 

Succinate of Silver. — Succinate of soda precipitates nitrate but not 
sulphate of silver. (Bucholz.) Fi*ee succinic acid does not precipitate 
nitrate of silver. (Dopping.) The precipitate is a fine, white, amorphous 
powder, -which settles down rapidly and is easily washed. When dried 
in the air, it diminishes slightly in weight at 100°; at 150° it acquires a 
constantly deepening green-grey colour, without diminishing much in 
weight. (Dopping.) In dry chlorine gas it is instantly decomposed with 
evolution of heat. (Liebig.) In a stream of hydrogen gas at 100°, it 
acquires a lemon-yellow colour, and at a somewhat higher temperature, 
half of it sublimes, while yellow succinate of suboxide of silver remains 
behind, (Wohler, Ann, Pharm, 30, 4.) — It dissolves very slowly in 
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water or acetic acid, readily in dilate nitric acid or ammonia, but is 
insoluble in alcohol. (Dopping.) 

Dried at 100°= D’Aroefc. Dopping. Feliling. 

2 AgO . 232 .... 69-88 . 69*65 . 09*91 .... 69*53 

C s H ,| O fi . 100 ... 30-12 


C 8 H 4 Ag 2 O s . . 332 .... 100-00 

Dried at 100°. Zvvenger. Bronieis. Sfchamer. Radcliff. Ronalds. 

2AgO .... 232 . . 69-88 . .. C9 ; 35 .... 60*27 .... 69*07 ... 69*35 ... 69*16 

8 C . . .48.. 14*46 14*49 ... 15*73.... 11*30... 14*34... 14*21 

4 H . .. 4.. 1*20 .. 1*46 . 1*61.... 1*50... 1*28.... 1*23 

6 0 . 48 . 14*46 . 14*70 .... 13*39 . 15*13 . .. 15*03 ... 15*40 

C s H 4 Ag 2 0 8 332 . . 100*00 ... 100*00 . 100*00 .... 100*00 .... 100*00 .. . 100*00 

D’Arcet, Dopping and Fehling analysed a silver-salt, the acid of which was obtained 
from amber ; Zwenger’s acid was obtained from wormwood; Rromeis's from stearic add, 
Sthamer*s lrom Japan wax; RadclifFs from spermaceti; and Ronalds’s from beeswax. 

Succinic acid dissolves in 1*37 pt. of boiling highly rectified alcohol , 
(Wenzel.) — It is but very slightly soluble in ether. (D’Arcet.) 


Conjugated Compound of Succinic Acid . 
Sulphosuccinic Acid. C e H 0 O 2 ,2So 3 . 

Fehling. (1S41.) Ann. Tlumn. 38, 285; 4.0, 203. 

Bernstein,<ic7iwefelsaiirc; Bernstein vntersch iref visa are. 

Formation and Preparation. The vapour of anhydrous sulphuric 
acid brought in contact with succinic acid contained in a cooled flask, 
forms, with considerable evolution of heat, a brown, transparent, viscid, 
mass. It is only when the succinic acid is contaminated with ernpyrcumatic oil, that 
sulphurous acid is evolved in this reaction and the mass becomes nearly black and 

opaque -The mass is left to stand for a few hours at 40° to 50°, or for 

24 hours at 15°, so that the action may be complete; then taken up 
with water; mixed from time to time with carbonate of baryta or 
carbonate of lead, till a filtered sample no longer precipitates chloride of 
barium; the liquid filtered; the sulphosuceinate of lead precipitated by 
acetate of lead, the succinate of lead then remaining in solution; — the 
well washed precipitate decomposed by sulphuretted hydrogen, and the 
filtrate evaporated in vacuo over oil of vitriol to a syrup, which gradually 
yields crystals. 

Properties . Nodular crystals having a strongly acid taste. They 
cannot be obtained in the dry state, but remain gummy, and are there¬ 
fore not adapted for analysis: they contain 13*62 p. c. sulphur. 

Decompositions. The crystals when heated give off suffocating 
vapours containing succinic acid, and leave a difficultly combustible 
charcoal. — 2. The aqueous solution suffers partial decomposition when 
evaporated in the water-bath, a brown mass remaining and a trace of 
sulphuric acid being set free. 
yol. x. 


K 
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Combinations. The crystals absorb moisture from the air and dis¬ 
solve readily in water. 

Sulphosuccinates. — The acid saturates bases completely and expels 
acetic acid. [Fehling, in accordance with his analysis of the lead-salt, 
regards the acid as quadribasic = C 8 H 2 0 5 ,S 2 0 5 + 4H0; Berzelius (Jah- 
resber . 22, 246,) regards it as tribasic =C 8 H 3 0 5 ,2S0 3 + 3H0, a view 
which is in accordance with Gerhardt’s law (vii. 222); for, 2 + 2—1 
= 3. According to this view, the formula of the free acid is C 8 H 6 0 8 , 
2S0 3 ; and of the 6H, three may be replaced by metals.] See also 
remarks in Rev . Sclent. 6, 285. 

Sulphosuccinate of Ammonia . — The acid evaporated to a syrup, and 
immersed in ammoniacal gas, solidifies in a few seconds from formation 
of needles, and is converted after some time into a nearly dry solid mass. 
When dried in vacuo over oil of vitriol, it acquires the power of red¬ 
dening litmus slightly. 


8 C. 

Dried at a gentle heat. 
. 48 .. 

17*98 ... 

Fehling 
.... 18*19 

3 N. 

. 42 ... 

15*73 


17 H . 

. 17 .... 

6*37 .. 

. 6*34 

10 o. 

. SO ... 

29*96 


2S0 3 . . .. 

.80 . . 

29*96 



C 8 H 3 (N H 4 ) 3 0 S ,2S0 3 + 2 Aq. 267 .... 100*00 


Sulphosuccinate of Potash. — a. Tribasic. — The aqueous acid ren¬ 
dered slightly alkaline by carbonate of potash, and evaporated to a 
syrup in vacuo over oil of vitriol, yields in a few days only a few very 
deliquescent crystals; but if it be then mixed with a small quantity of 
acid, it solidifies almost entirely to a crystalline magma, from which by 
recrystallization pure crystals may be obtained. The crystallization is 
greatly accelerated by covering the mother-liquor with a layer of alcohol. 
The crystals left in vacuo for a few days, give off 5*4 p. c. (2 At.) water, 
afterwards at 100°, 7*6 p. c. (3 At.) more; nothing further is given off 
at 150°, but at a higher temperature the crystals are decomposed, leaving 
a mixture of sulphate and sulphite of potash. The salt absorbs moisture 
from the air, but without deliquescing, dissolves readily in water with 
a slightly acid reaction, but scarcely at all in absolute alcohol. 


Dried in 

vacuo . 


3KO .. 

141*6 

.... 42*83 

8 C . 

48*0 

. . 14*52 

5 H . 

5*0 

.... 1-51 

7 0 ... 

56*0 

.... 16*94 

2 SO 3 . 

80*0 

.... 24*20 

C S H 3 K 3 0 8 ,2S0 3 + 2Aq. 

330*6 

. .. 100*00 


Fehling. 

41*50 

14*99 

1*68 


b. Bihasic * — The solution of a mixed with a larger quantity of acid, 
yields crystals which have an acid reaction, and separate more easily 
than those of a. They give off 2*78 p. c. (1 At.) water in vacuo, 1 At. 
more when gently heated, and 11*3 p. c. (4 At.) in all at 100°. The 
salt remains dry when exposed to the air, but dissolves readily in water, 
and in almost all proportions in boiling water. 
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Crystals dried at a gentle heat. 


Fehling. 

2KO. 

.. 91*4 .. 

. 32*28 

.. 31*63 

8 C . 

. 48*0 . 

. 10*42 


6 II . 

. 0*0 . 

. 2*05 


8 O. 

.. 64*0 

. 21*89 


2 SO 3 . 

.. 80*0 .. 

. 27*30 

.... 26*85 

C 8 H 4 K 2 0 8 ,2S0 3 + 2Aq. 

292*4 . 

. 100*00 


Air-dried Crystals . 


Fehling. 

2 KO. 

94*4 .... 

30*41 .... 

.... 29*93 

8 C . 

48*0 .... 

15*47 .... 

.... 15*66 

8 H... 

8*0 .... 

2*58 .... 

.... 2*67 

10 0. 

80*0 .... 

25*77 


2 SO 3 . 

80*0 .. . 

25*77 



C 8 H 4 K 2 0 S ,2$0 3 + 4Aq. 310*4 . . 100*00 


Sidphosuccinate of Soda. — Obtained by precipitating the following 
baryta-salt with excess of sulphate of soda, evaporating the filtrate to 
dryness, and dissolving out the sulphosuccinate of soda by alcohol. It 
crystallizes with difficulty and dissolves readily in water and in ordinary 
alcohol. 

Sulphosuccinate of Baryta .—Acetate of baryta is precipitated even 
by the free acid; nitrate or hydrochlorate of baryta only by the acid 
when in combination with ammonia, potash, or soda. The precipitate, 
after drying at 100°, gives off nothing more at 200°. While still moist 
it dissolves readily in hydrochloric or nitric acid, sparingly in hot acetic 
acid; after drying, it is much less soluble in hydrochloric acid, and 
almost insoluble in acetic. Its solution in aqueous sulphosuccinic acid 
placed in vacuo yields crystals doubtless containing less baryta. 



Dried at 100° 


Fehling, 

3 BaO. 

.229*8 .... 

57-34 

. 56*90 

8 C. 

. 48*0 .... 

11*98 .. 

. 11*69 

3 H. 

. 3*0 .... 

0*7 4 ... 

. 0*94 

11 O . 

. 88*0 .... 

21*96 . 

... . 22*49 

2 S . 

. 32*0 . . 

7*98 .. 

. . 7*98 

C s H 3 Ba , 0 8 ,2S0 3 . 

. 400*8 .... 

100*00 ... 

.. .. 100*00 


Sulphosuccinate of Lime. — The aqueous acid readily dissolves marble, 
even in the cold, but retains its acid reaction, and yields by evaporation, 
a non-crystalline residue, which, after drying at 100°, contains 24*G p. c. 
lime, and is therefore C a H 4 Ca 2 0 8 ,2S0 3 . 

The magnesia-salt does not crystallize. 

The potash-salt does not precipitate the salts of manganese, iron, cobalt, nickel, 
or copper. 

Sulphosuccinate of Lead. — a. Quadribasic. — The acid liquid purified 
from free sulphuric acid by digestion with carbonate of lead ( vid. Prepara¬ 
tion of Sulphosuccinic acid) is mixed with so much ammonia that it retains 
only a slightly acid reaction, and then precipitated by neutral acetate of 
lead. The yellowish white precipitate heated to 100°, after drying in 
the air, gives off 5*5 7 p. c. (4 At.) water. Boiling acetic acid converts it 
into the salt by removing 1 At. oxide of lead. It dissolves with 
tolerable facility in hydrochloric, nitric, or sulphosuccinic acid. 

K 2 
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BUTYLENE : OXYGEN-NUCLEUS C 8 H fl 0 3 . 


Calculation, 

according to Berzelius. 

72*38 

4 PbO. 

. 448 . 

8 C ... 

. 48 . 

. 7*75 

3 H. 

. 3 .. 

.. 0*48 

11 0. 

. 88 .. 

. 14*22 

2 S . 

. 32 . 

. 5*17 


Pb0,C s HW0 s ,2S0 3 . 

. 619 . 

... 100-00 

Calculation, according to Fehling. 

Fehling. 
at 100°. 

4 PbO . 

448 .. 

. 73*44 .... 

... 73-30 

8 C. 

48 . 

.. 7*87 ... 

... 7*82 

2 H . 

2 . 

.. 0*33 .... 

... 0*49 

10 0. . 

80 . 

. 13*11 


2 S . 

32 . 

. 5*25 


C S H-W0 S ,2S0 3 . 

610 . 

. 100*00 



b. Tribasic. — Tlie above-mentioned liquid purified by carbonate of 
lead from free sulphuric acid is precipitated with neutral acetate of lead 
without previous addition cf ammonia. The air-dried precipitate gives 
off 5*1 p, c. (3 At.) water at 100°. 


Air-dried. 

3 PbO. 

336 . 

. 62*92 ... 

Fehling. 
. 62*01 

8 C . 

48 . 

. 8*99 ... 

. 8*68 

6 H. 

6 

. 1*12 . 

. . 1*26 

14 0 . 

112 . 

.. 20-98 


2 S. 

32 .. 

.. 5-99 


C’H’WO'^SO 3 + 3Arj. 

534 . 

.. 100-00 



Sulphosuccinate of Sliver. — The acid, not in the free state, but in 
combination with ammoma, forms with nitrate of silver, a white pre¬ 
cipitate, which is completely decomposed by washing and acquires a dark 
green colour. 

Sulphosueeinic acid dissolves very readily in alcohol and ether. 
(Fehling.) 


Succinate of Methyl. C>W°0«^0W0,cm*Q«. 

Feeling. (1S44.) w Ami. Pharm. 49, 195. 

Bernsfeinsaures MetTiyloxyd, Bernsteinforiaester. 

’Preparation. Hydrochloric acid gas is passed through warm wood- 
spirit in which succinic acid is dissolved and suspended, till a sample 
yields a large quantity of the compound ether by agitation with water; 
the whole of the liquid is then precipitated by water, the compound ether 
agitated, first with water containing a small quantity of carbonate of 
soda, and then with pure water, after which it is dried over chloride of 
calcium and rectified. 

Properties. At ordinary temperatures, it is a white crystalline mass 
of sp. gr. i’ll at 19°; melts at 20°, and afterwards solidifies at 10°, Boils 
at 19S°. Vapour-density = 5*29. 
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Nearly insoluble in water. (Feliling.) 





Fehling. 

Vol. 

Density 

12 C. 

.. 72 . 

.. 49*31 ... 

. 49*30 

C-vapour ... 

12 .. 

.. 4*9920. 

10 H . 

.... 10 . 

. 0*85 . . 

. 0*80 

11 -gas . 

10 .. 

... 0*0930 

8 0 

04 . 

. . 43*84 ... 

. . 43*81 

O-gas 

4 ., 

. 4*4372 

C l3 H 10 O R . 

... no . 

... 100*00 .... 

. 100*00 

Yap. of C 12 11 U1 0 3 

2 

1 

, 10*1222 
.. 5*0011 


Succinate of Ethyl. C lG H li 0 fl =2C i H 5 0,C 8 H 4 0 ,i . 

Eel. D’Arcet. (1835.) Ann. Chim. Phys . 58, 291. 

Cahours. A r . Ann. Chim. Phys. 9, 206; also Ann.Pharm . 47, 294; also 
J. pr. Chem. 30, 244. 

Fehling. Ann. Pharm. 49, 186. 

Succinic Ether, Benuteinvinesler. 

Formation and Preparation. 1 . One pt. of concentrated hydrochloric 
acid is distilled with 2 pts. succinic acid and 4 pts. alcohol, the whole 
being five times cohobated. The resulting yellowish oily distillate, like¬ 
wise containing water, hydrochloric acid, succinic acid, and alcohol, treated 
with water to precipitate the succinic ether; and this ether washed 
several times with cold water, heated till the boiling point becomes con¬ 
stant, and then distilled over oxide of load. (D’Arcct.) According to 
Fehling, the oxide of lead exerts a decomposing action. — 2. Hydro¬ 
chloric acid gas is passed through a solution of anhydrous succinic acid 
(C 8 H 4 0 6 ) in absolute alcohol, and the succinic ether precipitated by 
water. (Cahours.) In this case, chloride of ethyl is likewise formed, and 
consequently the equation is: 

OH 4 0 6 + 3C 4 HW + 1IC1 = C^H^Os + CdUCl + 4HO. 

(Cahours). [If the formation of hydrochloric ether be regarded as merely 
a secondary action of the hydrochloric acid upon the alcohol, the equation 
will be simply; 

C 8 II 4 0 6 + 2C , H 6 0 2 - C 1G li n O s + 2HO.] 

3. Hydrochloric acid gas is passed through 95 per cent, alcohol in which 
ordinary succinic acid is dissolved and diffused, till a sample, on being 
mixed with water, deposits a largo quantity of the compound other; the 
whole of the succinic ether then separated by water; heated in the water- 
bath to expel small quantities of admixed hydrochloric ether; washed 
first with water containing a little carbonate of soda, then 8 times with a 
small quantity of pure water; dried by heat over chloride of calcium; 
distilled; and the portion which goes over above 214° collected apart. 
(Fehling.)—Succinic ether is also quickly formed by digesting and 
evaporating succinic acid with alcohol and oil of vitriol, but it is not pro¬ 
duced by treating hydrochloric ether with succinic acid. (Fehling.)—It 
is likewise obtained by heating succinic acid in a tubulated retort till it 
begins to evaporate, and then dropping alcohol into the retort. (Gaultier 
de Claubry, ix, 1793.) 

Properties. Transparent, coiouiless liquid, oily to the touch, of sp. 
gr, 1*036, boiling at 214°. Vapour-density -- 0*22 (6*11 accordin to 
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Cahours; 

6*30 according to Fehling). 

Lias a sharp burning 4 

taste, and 

smells like benzoic ether. (D’Arcet.) 

D’Arcet. 

Cahours. 

Fehling. 

16 C . 

. 96 ... 55-17 .. 

... 55*31 .... 

. .. 55*04 . 

. 55*56 

14 H . 

. 14 .. 8*05 .... 

„.. 8*31 ... 

. 8*18 . 

8*07 

8 O . 

.. 64 .. 36*78 ... 

. ... 36*38 . . 

.. 36-78 . 

. 36*37 

C 16 H 14 O s . 

. 174 .... 100*00 ... 

.... 100-00 .... 

. 100-00 

. 100*00 


Vol. Density. 

C-vapour .. 16 6*6560 

H.gas. 14 0*9702 

O-gas.,. . 4 . 4*4372 

Vapour of Succinic ether.... 2 . 12*0634 

r 1 6*0312 

If the acid he regarded as monobasic, the ether is C 4 H. ,> 0,C 4 H*'0 3 but if, with 
ehling, we regard it as tribasic, the ether must be 2C 4 H 5 0,H0,C 8 H 3 0 5 . 

Decompositions. Succinic ether burns with a yellow flame. (D’Arcet.) 
— 2. Dry chlorine gas in daylight converts it by substitution into 
C 16 CPH 12 0 8 , and in sunshine into C 16 C1H 13 0 8 . (Cahours.) The non¬ 
replacement of the fourteenth atom of H by Cl, is favourable to Fehling’s 
view, according to which, 1 At. H is contained in the ether (2C 4 H 5 0, 
HO,C s H 3 O s ) as HO. — 3. Ammoniacal gas has nohction on succinic other, 
but aqueous ammonia dissolves it, and after a few hours deposits white 
crystals. (D’Arcet.) The white powder which falls down on agitating tho 
ether with aqueous ammonia is succinamide. (Fehling): 

C 16 H 14 O s + 2NH 3 = C 8 N 2 H s 0 4 + 2C 4 H 6 0 2 . 

4. With aqueous potash, the ether is resolved into alcohol and succinate 
of potash. (D’Arcet.) — 5. By repeated distillation over dry oxide of 
lead, it is gradually converted into alcohol and succinate of lead. 
(Fehling.) —Recently ignited oxide of lead dissolves in about 12 pts. of 
succinic ether; the solution becomes turbid when heated, and deposits 
white succinate of lead; boils at first at 100°, and from that point till 
the boiling point has risen to 214°, as long therefore as any undceomposed 
ether remains, it yields a distillate, which by a second careful distillation, 
yields at first tolerably pure alcohol, and at last a compound ether, which, 
in accordance with its analysis, must be regarded as hydrated, and when 
treated with chloride of calcium is converted into nearly pure succinic 
ether. ^ (Fehling.) [The formation of water is explained by Fehling in accordance 
with Ms view of the constitution of succinate of lead, which be regards, not as 
2PbOjC s H 4 O r> , but as 2Pb0,C s H 3 0 5 ; but the analysis on page 132 does not at all corro¬ 
borate this view.] — 6. Potassium decomposes succinic ether, with evolution 
of hydrogen, and forms a viscid brown mass, from which water extracts 
succinate of potash, and separates an oil, C^HD 6 , which crystallizes on 
cooling. (Fehling.) — The evolution of gas takes place even at ordinary 
temperatures, but is accelerated by heat, which however must not at first 
exceed 40°, because the mixture becomes spontaneously heated even to 
projection; when the action is strong, the evolved hydrogen has a pungent 
odour. If a sufficient quantity of potassium has acted, the liquid, which has 
a .£P VI1 (probably due however only to secondary action) becomes 

stm and viscid on cooling. With boiling water it is resolved into a solu¬ 
tion of succinate of potash [and alcohol ?] and a light yellow oil which 
neats on the surface. This oil solidifies on cooling to a pasty mass, 
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which, by washing with water and recrystallization from boiling alcohol, 
is converted into a yellowish white, bulky substance, having a silky 
lustre, and amounting to 5 to 10 per cent, of the succinic ether. This 
substance melts at 133°, and sublimes completely at 206°. It is insoluble 
or nearly so in water, but dissolves very easily in hot alcohol, and in all 
proportions in cold ether. With ammonia it forms deep yellow needles. 
It contains 56*43 per cent. C, 6*32 H, and 37*25 0, and is therefore 
C 6 H 4 0 3 = 0 12 H 8 0 6 ; it is therefore perhaps the conjugated compound of 
ether with Fehling’s hypothetical anhydrous succinic acid = C 4 H 5 0,C 8 H 3 0 6 
[or of ethylene, C 4 H 4 , with hyp. anhydrous acid — C 8 H 4 0' 3 ]. It is ac¬ 
cordingly resolved by heating with potash-solution into alcohol and 
succinate of potash (Fehling): 

C L W + 2ICO + 2HO - C 4 H 6 0 2 + C 8 H 4 K 2 0 8 . 

[Hence perhaps the decomposition of succinic ether by potassium may 
be represented by the following equations; first: 

2C 1(5 H 14 0 8 + 2K = 2H + C 22 H 26 K 2 0 16 , 

(the last being the residual viscid mass, which is perhaps a mixture). 
And this afterwards yields with 4HO : C 8 Ii 4 K 2 0 8 + 3C 4 H 6 0 2 (alcohol, 
the separation of which is not however mentioned by Fehling) 
+ C 12 H 8 Q C ]. 

Succinic ether is somewhat soluble in water. (Fehling.) 


/3. Oxygen-nucleus . C w H 4 0 4 . 

Anhydrous Succinic Acid. C 8 H 4 0 G =C 8 H 4 0 4 ,0 2 . 

Felix D’Arcet. (1835.) Ann, Chim. Phys. 58, 282; also Pogg. 36, 80: 
also J. pr. Chem. 3, 212. 

Succinic Anhydride , Bcrnsteinstiure-Anhydrid , wasserfreie oder hypothetisch 
trochne Bernsteinsdure , Anhydride succiniquc, Acide succinique anhydre. 

Formation and Preparation . 1. Succinic acid is distilled by itself at 

least ten times, the water which collects in the receiver above the acid 
being each time removed by absorbent paper. —- 2. Succinic acid is 
heated to the melting point in a tubulated retort; anhydrous phosphoric 
acid then mixed with it quickly and thoroughly; the mixture slowly 
distilled; and the distillate again twice distilled with fresh anhydrous 
phosphoric acid: C R H r, 0 8 =C B H 4 Q°-|- 2HO. (D’Arcet.) — 3. One atom 

of succinic acid heated with 1 At. pentachloride of phosphorus yields: 
anhydrous succinic acid, together with hydrochloric acid and oxychloride 
of phosphorus. (Gerhardt & Chiozza, Ann, Pharrn. 87, 253): 

C s H 6 0 8 + PCI 5 = C 8 H 4 0 5 + 2HC1 + PCFO 2 . % 

Properties. White crystalline mass. Melts at 345°; boils at 250°. 


D’Arcet. 


8 C. 

. 48 . 

... 48 ... 

(i) 

. 47-96 . 

(2) 

... 48-03 

4 H . 

. 4 . 

... 4 ... 

. 3*82 . 

... 4-18 

6 0. 

. 48 . 

... 48 ... 

.... 48*22 . 

... 47-79 

C 8 H 4 0 6 . 

. 100 . 

... 100 

. 100*00 . 

... 100*00 
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Anhydrous succinic acid immersed in ammoniacal gas, is converted 
with evolution of heat and formation of water, into bisuccinamidc: 

C 8 H 4 0 G + NH 3 = C 3 NH 5 0 4 + 2 HO. 

It does not absorb moisture from the air. Dissolves in water, but 
less quickly than the hydrated acid, and separates out in the form of the 
latter. 

It dissolves in alcohol more readily than in water, but is very 
sparingly soluble in ether. (D’Arcet.) 


% Chloride of SuccinyL C 6 H 4 0 4 ,C1 2 . 

Gerhardt & Chiozza. Compt. rend . 36, 1050; IntiiU 1853, 253; Ann. 
Pharm . 87, 293; Jahresber . 1853, 394. 

Formed by the action of 1 At. pentachloride of phosphorus on 1 At. 
anhydrous succinic acid: 


C s H 4 0 4 ,0- + PCF, CP - C 8 H 4 0 4 ,CP + PCPCP. 

Hence it is obtained by the action of 2 At. pentachloride of phosphorus 
on 1 At. hydrated succinic acid. The action then consists of two stages, 
the first being the formation of anhydrous succinic acid, as shown'on 
page 135; and the second that just given. 

Strongly refracting liquid, which fumes in the air, and lias a pene¬ 
trating odour, like that of damp straw. Sp. gr. 1*39. Bftils at 190°, 
When boiled for some time, it sutlers partial decomposition, a small 
quantity of carbonaceous matter being left behind: hence its vapour- 
density could not be determined. In contact with moist air, it is con¬ 
verted into crystallized succinic acid. Absolute alcohol acts upon it 
with rise of temperature, hydrochloric acid being copiously evolved and 
succinic ether formed: 

C s H 4 0 4 ,CP + 2 ((Wo.) = C s H 4 (C 4 H 5 ) 2 O fl + 2HCI. 

Aniline acts violently on chloride of succinyl, forming succinanilide. 
(Gerbardt & Chiozza.) f. 


b. Prom in e ucleus. C R B r K 6 . 


Bibromobutyric Acid. 

C 8 Br 2 H 6 ,0 4 . 


Cahours. (184?.) 
41, 67. 


W. Ann . Cli'm. Pips. 


i9, 49o: alto t T. pr. Chon . 


BibrombutiersCatre, Acute bromocni onique. 
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Preparation. Bromine is added in successive portions, till slightly 
in excess, to a solution of 1 pt. citraconate of potash in 1-| pt. water, 
whereupon, carbonic acid is evolved and a heavy oil, amounting to •§ of 
the acid, is deposited. From this oil, after washing with water, the acid 
is extracted by dilute potash; and the alkaline liquid decanted from the 
small residual quantity of neutral oil, and supersaturated with hydro¬ 
chloric acid, which sometimes separates an oily acid, sometimes a buttery 
mixture of this oil with a crystalline modification of bibromobutyrie 
acid more soluble in water than the oily acid. 

Oily acid. *— The precipitated oil is washed with water, till it no 
longer produces a cloud in a silver-solution, or till the turbidity disap¬ 
pears on the addition of a small quantity of nitric acid; after which it is 
dried in vacuo over oil of vitriol. 

Crystalline acid. — Often formed spontaneously from the oily acid. 
Frequently also produced at once when the acid is separated from the 
neutral oil by potash, as above described, and the alkaline liquid super¬ 
saturated with dilute nitric acid; the acid then separates in crystalline 
flakes, which are washed with the smallest possible quantity of cold 
water, well dried, dissolved in ether, and left to crystallize by spontaneous 
evaporation. 

Properties. The oily acid is pale yellow, much heavier than water, 
has a faint odour in the cold, hut an irritating odour at higher tempe¬ 
ratures and a pungent taste. The crystalline acid forms long silky 
needles, which melt at a gentle heat, and volatilize at a higher tempera¬ 
ture, leaving only a small carbonaceous residue, 

CaliOurs. 


a. b . c. 

SC. 48 .... 19*51 .... 19*32 .... 19*16 .... 19*66 

2 JBr. 160 .... 65*04 .... 64*38 .... 65*14 .... 64*99 

6 H. 6 .... 2*41 .... 2*41 .... 2*31 .... 2*39 

4 0 . 32 .... 13*01 .... 13*89 .... 13*06 .... 12*96 


C s Br 2 H G 0 4 . 246 .... 100*00 .... 100*00 .... 100*00 .... 100*00 


a 3 oily acid from citraconate of potash; b, from itaconate; c 3 crystalline acid. 

Decompositions. 1. The oily acid is partially decomposed by distil¬ 
lation, giving off vapours of bromine. — 2. It dissolves in gently heated 
oil of vitriol: and is hut partially precipitated therefrom by water.— 
S. Both the oily and tho crystalline acid become strongly heated by 
contact with concentrated potash, and give off a peculiar odour, after 
which, even concentrated acids separate nothing. — 4. The alcoholic so¬ 
lution of tho potash-salt of the oily acid, treated after the manner of 
Melsens with potassium-amalgam (ix. 211) deposits bromide of potas¬ 
sium, and afterwards oil addition of sulphuric acid, yields a crystalline 
substance, having the odour of the volatile soap*acids, and dissolving 
very easily in water, especially when hot. 

ComlLiaiio-ts. The oily acid is hut sparingly soluble in water; the 
crystalline acid dissolves pretty readily. 

With Ammonia the oily acid forms an acid salt, which crystallizes in 
yellowish white, unctuous scales, easily soluble in water and alcohol. 
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BUTYLENE: CHLOBINE-NUCLEUS C 8 C1HL 


Crystals dried in vacuo, Cahours. 


16 C. 

96 

.... 18*86 ... 

.... 18*94 

N. 

14 

.... 2*75 ... 

.... 2*88 

4 Br. 

320 

.... 62-87 ... 

.... 63*18 

15 H ... 

, 15 

.... 2*95 ... 

. 3*26 

8 O. 

. 64 

.... 12*57 ... 

, ... 11*74 

C s Br‘-H 5 (NE 4 )0 4 , C s Br 2 H 6 0' 1 

509 

.. 100*00 ... 

. 100*00 


The crystalline acid forms soluble crystallizable salts with potash and 
soda , sparingly soluble salts with the oxides of lead and silver. 

The ammonia-salt of the oily acid forms with nitrate of silver a 
curdy precipitate, which is slightly soluble in cold water, and when left 
to stand for some time, unites into a pitchy mass; after quick drying in 
vacuo, it forms a white powder, which when ignited leaves 53*57 p. c. 
bromide of silver, and therefore contains 30*77 p. c. silver, which agrees 
with the formula C 8 Br 3 H 5 Ag0 4 . 

The oily acid mixes in all proportions with alcohol and ether; and 
the crystalline acid dissolves readily in those liquids. (Cahours.) 


Conjugated Compound. 

Bibromobutyric Ether. 

C 12 Br 2 H 10 O 4 = C 4 H 5 0, C s Br 2 H 5 0 3 . 

Obtained with difficulty, by saturating a solution of bibromobutyric 
acid in absolute alcohol heated to 70° or 80°, with hydrochloric acid gas, 
then distilling; mixing the distillate with water; washing the oil thereby 
precipitated, first with a very dilute solution of carbonate of soda, then 
wdtk pure water to remove hydrochloric and free bibromobutyric acid; 
and lastly drying it in vacuo over oil of vitriol. 

Nearly colourless oil, heavier than water. Has but a faint odour in 
the cold, but when heated emits an extremely pungent odour which 
excites tears. Tastes very sharp, like horse-radish. 

It is partially decomposed by distillation and leaves a carbonaceous 
residue. (Cahours, JV. Ann. Chim . JPhys. 19, 499; also J. pr. Chem. 41, 71.) 


12 C .. 

. 72 

.... 26*28 ... 

Cahours. 
. 26*03 

2 Br . 

. 160 

.... 58*39 ... 

. 58*06 

10 H.. 

. 10 

.... 3*65 ... 

. 3-63 

4 0 . 

. 32 

.... 11*68 ... 

. 12*28 

C 12 Br=H I0 O 4 . 

. 274 

.... 100*00 ... 

. 100*00 


c. Chlorine-nuclei, 
a. Chlorine-nucleus . C 8 C1H 7 . 

Chlorobutylene. C’CIH 7 . 

Chancel. (1845.) X. J. Marm. 7, 258 ; abstr. Compt. rend. 20, 865. 

Chlorbutyren, Butyrine cldor6 (Chancel) j Cldorure de Butyrile (Cahours): 
Chlorobutyrase (Laurent) ; Butah (Gm.] J 
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Preparation (p. 74). 1^ pt. pentacbloride of phosphorus is added in 

successive portions to 1 pt. of butyral in a tubulated retort; a few Lot 
coals placed under the retort as soon as tlie ebullition and evolution of 
hydrochloric acid, which soon take place, have slackened; the mixture 
distilled till the black residue begins to swell up; the resulting distillate 
rectified three or four times; then washed with water, shaken up with 
solution of carbonate of potash, and finally distilled over chloride of 
calcium. 

Properties . Colourless, very thin liquid, lighter than water, boiling 
somewhat above 100°, having a tolerably brisk, peculiar odour and 
biting taste. 

Burns with a green-edged flame. 

Insoluble in water, but dissolves in all proportions in alcohol and 
ether; the alcoholic solution when recently prepared does not produce any 
turbidity in a solution of nitrate of silver. (Chancel.) 

The liquid obtained by distilling butyrone with pentachloride of phosphorus, 
redistilling several times with fresh pentachloride to ensure complete decomposition of 
the butyrone, and purifying in the manner adopted for the compound ethers, is a 
transparent, colourless liquid, lighter than water, boiling at 11 G°, of peculiar penetrating 
odour; it burns with a green-bordered flame; is insoluble in water ; but dissolves in all 
proportions in alcohol ; and the solution does not produce any turbidity in a solution of 
nitrate of silver. (Chancel.) — Chancel regards this liquid, according to an unpublished 
analysis, as C K H 13 C1, and names it Chlorobutyr&ie . But the agreement of its properties 
with those of C s ClfI 7 suggests the identity of the two compounds, and renders a repe¬ 
tition of the analysis desirable. 


Chlorobutyral. C 8 C1I-F ; 0 3 . 

Chancel (1845.) N. J . Pharm . 7, 350; abstr. Compt. rend. 20, 865. 

Preparation . Well-dried chlorine gas passed through butyral by 
daylight, is at first quietly absorbed, with evolution of heat and pale red 
colouring of the liquid; but afterwards the liquid acquires a yellow 
colour, gives off abundance of hydrochloric acid gas, and after two 
hours is found to be saturated with chlorine. The liquid is then heated 
nearly to the boiling point, and a rapid stream of carbonic acid gas 
passed through it to expel free chlorine and hydrochloric acid, after which 
it is rectified once or twice. 

Properties. Transparent, colourless liquid, heavier than wator, boil¬ 
ing at about 141°, and distilling without decomposition; has a pungent, 
tear-exciting odour; neutral. 

Burns with a green-bordered flame. Does not form an amide with 
ammonia. 

Insoluble in water, hut dissolves in alcohol, forming a solution which 
does not cloud nitrate of silver. (Chancel.) 

% Chloride of ButyryL C 8 HW,CL 
Gerhardt. Ann . Pharm, . 87, 71. 

Formation and Preparation. By the action of 1 At. oxychloride 
of phosphorus on 3 At. dry butyrate of soda : 

3C 8 H 7 NaC)4 + Rem 3 - 3(C S H 7 0 2 ,C1) + 3Na0,P0 5 . 



140 


BUTYLENE: CHLORINE-NUCLEUS C 3 CI 2 H G . 


The butyrate of soda must be pulverized, and added by small portions 
to the oxychloride of phosphorus contained in a tubulated retort; if, on 
the contrary, the oxychloride were poured upon the butyrate, a large 
quantity of anhydrous butyric acid would be formed, (p. 88,) in con¬ 
sequence of the oxychloride coming at once in contact with an excess 
of butyrate of soda. The mixture is then distilled, and the liquid 
distillate rectified over a very small quantity of the butyrate, the tem¬ 
perature being kept as low as possible, to prevent the anhydrous buty¬ 
ric acid formed during the rectification, from distilling over with tho 
chloride. 

Properties . Colourless, very mobile, strongly refracting liquid 
heavier than water, and fuming slightly in the air. Boils without de¬ 
composition at 95°. Has a pungent odour like butyric and hydrochloric 
acid together. 

Gerliardt. 

8 C . 48*0 . 45*08 44*96 

7 H. 7*0 .,, 6*57 . 6 70 

Cl . 35 4 .... 33*32 . 33*07 

2 0. 16*0 ... 15-03 . 15-27 

C S H~0-C1 . 106-4 .... 100-00 . 100*00 

Metameric with chlorobutyral (p. 139). 

Chloride of butyryl is immediately decomposed by water, with forma¬ 
tion of butyric and hydrochloric acids : 

C S H“0-C1 + 2HO = C s H 8 0 4 + HC1. 

Distilled with excess of butyrate of soda, it yields anhydrous butyric 
acid and chloride of sodium, (p. 88.) It acts very strougly upon 
aniline , forming hydrochloric acid and butyranilide, C 2J H 13 N0 2 . (Ger- 
hardt.) IT. 


/L Chlorine-nucleus . C 8 C1 2 H S . 

Bicblorobutyral. C 8 C1 2 H C 0 2 . 

When dry chlorine gas is passed, for three hours, in sunshine through 
butyral, the action is observed to slacken at a certain point; and if a 
rapid stream of carbonic acid gas be then passed through the heated 
liquid, and the liquid afterwards rectified, a neutral oil is obtained, which 
boils at 200°. (Chancel, 2Y J. Pharm, 7, 3dl.) 


Bicblorobutyric Acid. C 8 C1 2 H 6 ,<X 
Pelouze & Gelis (1844). N. Ann . Chim. Phys . 10, 447. 

Formation ( P 83). — Preparation. Dry chlorine gas is passed, in 
bright sunshine, through butyric acid contained in a Liebig’s bulb-appa¬ 
ratus, the acid heated to 70 or 80°, as soon as the absorption is com¬ 
plete, and carbonic acid gas passed through it to expel hydrochloric 
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Properties. Colourless viscid liquid, heavier than water, and having 
a peculiar odour. 

Pelouze & Gelis. 


8 C. 

. 48*0 

... 30*61 .... 

.... 30*79 

2 Cl . 

. 70*8 

... 45*15 .... 


6 H. 

.. c*o . 

.. 3*83 .... 

.... 4*02 

4 O. 

.. 32*0 

... 20*41 .... 


C 8 C1 2 H 6 0*. 

. 156*8 . 

... 100*00 



The acid may by great care be, for the most part, distilled without 
decomposition; but a small quantity of hydrochloric acid is always 
evolved, and the distillate has a different odour. This decomposition 
takes place above 164°. — The acid burns with a green flame, diffusing 
a large quantity of hydrochloric acid. 

The acid is nearly insoluble in water. 

It forms very soluble salts with ammonia, potash, and soda. The 
potash-salt forms a very sparingly soluble precipitate with nitrate of 
silver. 

The acid dissolves in alcohol in all proportions. (Pelouze <fe Gelis.) 


<y. Chlorine-nucleus . C 8 C1 4 H 4 . 

Quadrichlorobutyral. C 8 C1 4 H 4 ,0*. 

Chlorine gas is passed for several days in burning sunshine through 
butyral, after it has been converted into bicblorobutyral, the liquid being 
heated towards the end of the process, and the passage of the gas con¬ 
tinued as long as hydrochloric acid gas continues to form. When this- 
oint is attained, the passage of chlorine, oven for weeks and in sun¬ 
shine produces no further effect. 

Thick, neutral, very heavy oil. — Boils at a high temperature, and 
with decomposition. 

Insoluble in water, but dissolves in alcohol and ether. (Chancel, 
N. J. Phcirm, 7, 351.) 


QuadricHorobutyric Acid. 0*01*11*0*. 

Chlorine gas, as made to act upon butyric acid in sunshine, till the 
bichlorobutyric acid produced at first, is converted, after some time, into 
a white solid mass, which may be pressed between paper, and purified by 
crystallization from ether. 

White oblique rhombic prisms, which melt at 140°, distil without 
decomposition, and smell like butyric acid. 

The acid is insoluble in water, but dissolves very readily in ether 
and alcohol; and its potash-salt forms a white, sparingly soluble preci¬ 
pitate with nitrate of silver. (Pelouze & Gelis, N* Ann . Chim . Phys . 
10, 447.) 











142 BUTYLENE: CONJUGATED COMPOUNDS OP CHLORINE-NUCLEI. 


8 C. 

Crystals. 

. 48*0 . 

... 21*28 

Pelouze & Gelis. 
. 20*41 

4 Cl. 

. 141*6 . 

. 62*76 


4 H. 

. 4*0 . 

... 1-77 

. 1*82 

4 O. 

. 32*0 . 

... 14-19 


C S C1 4 H 4 G 4 . 

. 225*6 . 

. 100*00 



S. Chlorine-nucleus. C 8 C1 4 H 2 0 2 . 

Quadrichlorosuccinic Acid. 

C 8 C1 4 H 3 0 8 = C 8 C1 4 H 3 0 3 ,0 6 . 

Plantamohr. — Laurent. Corrupt, rend. 26, 36. 

Acide lichloroxalique (Plantamour) ; Acide succinigue quadrichlore . (Laurent). 

Chlorine forms -with citric acid an oil = C 1G CFO c , and with succinate 
of soda an oil = C 10 C1 8 0 4 . Both these oils yield, by distillation with 
potash, a salt = C S C1 4 K 2 0 8 . (Plantamour.) -— The first oil may be 
regarded as C 10 Cl 10 O 4 , and the equation is : 

C 10 Cl 10 O 4 4 - 10KO = C S C1 4 K-0 S 4 * 2(K0,C0 2 ) + 6KClj 
with the second oil the equation is : 

C 10 Cl 8 O 4 4 - HO 4 - 7KO = C S C1 4 K 2 0 S 4 - C 2 HKO* 4 - 4KC1; 

it remains to be shown, that formiate of potash is produced in this latter 
reaction. (Laurent.) 


Conjugated Compounds of the Chlorine-nuclei 

Biehlorobutyric Ether. 

C I2 C1 2 H 10 O 4 =C 4 H 5 0, C 8 C1 2 H 5 0 3 . 


The solution of biehlorobutyric acid in alcohol deposits, when gently 
heated with oil of vitriol, an oily compound ether having an ethereal 
odour; it may be washed with water and distilled. (Pelouze & Gelis.) 


12 C . 72-0 

2 Cl. 70*8 .. 

10 H . 10*0 .. 

4 Q . 32 -0 

C 12 Cl 2 H 10 O 4 ... 184-8 


Pelouze & G41is. 

38*96 39*40 

38*31 

5*41 . 4*95 

17*32 


. 100*00 


Quadrichlorobutyric Ether. 

C 13 C1 4 H S 0 4 = C 4 H 5 0,C S C1 4 H 3 0 3 . 

K, i^f 1 f °f ^adriclilorotmtyric acid in several times its 

bulk of alcohol, oil of vitriol immediately forms a crystalline mass 
which melts at a gentle heat and separates into two liquids. The 
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heavier of these liquids is quadriclilorobutyric ether. It has an ethereal 
odour like that of the preceding compound and of butyric ether; burns 
■with green flame and white fumes,, is very sparingly soluble in water, 
but dissolves abundantly in alcohol and ether. (Pclouze & Gelis, P. Ann. 
Chim. Phys . 10 , 440.) 


Perchlorosuccinic Ether. 

C 16 C1 13 H0 8 =2C 4 C1 5 0,C 8 CPH0 6 . 

Cahours (1843.) N. Ann. Chim. Phys. 9, 206; also Ann. Pharm. 47 
294; also J. pr. Chem. 30, 244. 

Malaguti. N. Ann. Chim. Phys. 16, 66; abstr. compt. rend . 21, 747; 

abstr. J. pr. Chem. 37, 433. 

Gerhardt. N. J. Pharm. 9, 307; 14, 238, and 29L 

Perchlorbernsteinmnester, Perchlorbernsteincither, ether chlorosuccinique, ether 
yereliloromccinigue. 

Formation and Preparation. Succinic ether exposed to sunshine in 
a bottle filled with chlorine gas, is converted in a few days into a white 
crystalline mass, which must be pressed between paper, washed with a 
small quantity of ether, pressed again, and crystallized from ether. 
(Cahours, p. 134.) 

Properties. Small snow-white needles, which have a strong tendency 
to interlace. Melts at 115° to 120°, and distils over, partly undecom¬ 
posed, at a stronger heat. Smells like other similar chlorine-compounds. 


(Cahours.) 



Cahours. 

16 C . 

. 96*0 . 

.. 15*45 ... 

. 15-25 

13 Cl. 

. 460-2 

.. 74-09 ... 

. 74-25 

H . 

. 1-0 . 

.. 0*16 .. 

. 0*67 

8 O . 

. 64*0 . 

. 10*30 .. 

. ... 9-83 

C ie Cl 13 HO s . 

. 621*2 . 

... 100*00 ... 

.. .. 100-00 


Laurent {Compt. rend. 35, 381,) assigns to this compound the formula C IC Ci 14 O s , 
which however requires 14‘7 p. c. carbon and 75*4 chlorine. 

Decompositions. 1 . Perchlorosuccinic ether distilled at 290°, conti¬ 
nually gives off carbonic acid, and yields a thick, oily, fuming distillate. 
This distillate, when covered with water, which then takes up hydro¬ 
chloric, terchloracetic, and chlorosuecic acids, diminishes considerably in 
a few weeks, and is converted, by crystallization of sesquichloride of 
carbon, into a solid magma. (Malaguti.) — C 16 C1 13 H0 8 = 2C0 2 + C 4 C1 6 + 
C 4 C1 4 0 2 (chloraldehyde, which then, together with 2HO, yields HC1 and C 4 C1 3 H0 4 
[terchloracetic acid]) + C 6 C1 3 H0 2 (a chlorosuccide not known in the separate state, 
which then, with 2HO, forms chlorosuecic acid, C 6 C1 3 H 3 0 4 ). (Gerhardt.) 

2. When dry anmioniacal gas is passed over the finely pounded 
ether, the latter becomes hot and cakes together, and at the same time 
specular scales are deposited from the * stream of gas. If the mass he 
pulverized as often as the gas ceases to act, and ammonia again passed 
over it as long as heating and absorption take place, a chocolate-coloured 
crystalline mass is obtained, which, when treated with ether, leaves a 
residue of sal-ammoniac, together with a small quantity of matter 
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resembling paracyanogen, the ether at the same time taking up chi ora- 
carbethamide and cblorazosuccate of ammonia, which must be separated 
by water. (Malaguti.). — According to Gerhardt, the compound ether 
acquires by the action of ammonia, only a very faint yellowish tint, and 
yields nothing but sal-ammoniac, chloraeetamide (ix. 270), and chlora- 
zosuccate of ammonia, (x. 37.) — Gerhardt’s equation is therefore; 

C 16 C 13 HO s -3- 7NH 3 = 3NH 4 C1 + 2C 4 NCl 3 H-0 2 4- NH 3 ,C ? NCr ( H 3 0h 

Since Gerhardt has demonstrated the identity of chlorocarbethamidc, 
(prepared from the ether hy the action of dry as well as of aqueous 
ammonia,) with chloraeetamide, the more complicated equation given 
by Malaguti is no longer admissible. — Aqueous ammonia in contact 
with pulverized and recently prepared perchlorosuccinic ether, becomes 
so strongly heated as to be thrown out of the vessel; hut the ether of 
older preparation is dissolved by ammonia with the aid of a gentle heat, 
forming a yellow liquid, which contains the same three products that arc 
obtained by the action of ammoniacal gas. (Malaguti.) That the crystals 
obtained in this reaction are not chlorocarbethamide, as Malaguti for¬ 
merly supposed, but chloraeetamide, as shown by Gerhardt, has since 
been admitted by Malaguti himself, (JS r . J. Pham. 14, 289,) who, how¬ 
ever, still maintains that his chlorocarbethamide, prepared with ammo¬ 
niacal gas, is different from chloraeetamide, and now regards it as 
C 10 N 3 C1 7 H 6 0 4 = 2C 4 NC1 3 H 2 0 2 (chloraeetamide) + C 2 NC1H 2 (unknown 
compound). 

3. Perchlorosuccinic ether, heated with a concentrated solution of 
three times its weight of hydrate of potash, dissolves quickly, without 
any evolution of chloroform, producing a liquid which contains chloride 
of potassium, and carbonate, formiate, and chlorosuccatc of potash. 
(Malaguti.) 

C r C 13 H0 8 4- 3HO + 19EO = 10KC1 + 6(K0,C0 2 ) + 2C 2 HKO* + C G CFH 2 KOb 

4. Perchlorosuccinic ether dissolves in alcohol, hut only with aid of 
heat, and is at the same time completely decomposed. From the solu¬ 
tion, which contains hydrochloric acid, water throws down an oily 
mixture of carbonic ether (viii. 392), terchloracetic ether (ix. 237), 
and chlorosuccic ether (Malaguti). — Chlorosuccic ether is not known 
in the separate state. Malaguti supposes it to be C 10 CPH r, O 3 ; but 
according to Gerhardt’s formula of chlorosuccic acid (ix. 430), it must be 
regarded as C 4 H 5 0, C C C1 3 H 2 0 3 = C 10 CPH 7 O 4 , and then the equation 
will be; 

C ln Cl 13 HO s 4- 5C 4 H 6 0 2 = 4HC1 4- 2C 5 H 5 0 3 + 2C 8 CPH 5 0 4 + C 10 CFH“(> J , 

Carbonic terchloracetic 
ether. ether. 

According to MalagutPs formula of chlorosuccic ether, 1H0 should be 
formed at the same time]. 
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a. Amidogen -nude i. 
cl. Amidogen-nucleus . C 8 AdH 7 . 

Butyramide. 

C 8 NH fl 0 2 =C 8 AdH 7 ; 0 3 . 

Chancel, Gompt. rend. 18, 949. 

Formation (p. 91). — Preparation . 1 pt. of butyric ether* is briskly 
agitated with 6 pts. of aqueous ammouia till it has completely disap¬ 
peared, which takes place in about eight days, after which the liquid 
is evaporated down to one-third, and left to crystallize by cooling. 
(Chancel.) 

Properties. Snow-white' nacreous, transparent tables, which melt at 
115° to a colourless liquid, and evaporate without residue. Have a 
sweet and fresh taste with bitter after-taste. Permanent in the air. 
(Chancel.) 

Calculation, according to Chancel. 


8 C . 48 .... 55*17 

N. M .... 16*09 

9 H . 9 .... 10-35 

2 O . 1G . .. 18*39 


C s NH <J 0 2 . 87 ...100*00 


Decompositions. 1. The vapour of butyramide is inflammable. 
(Chancel.) — 2. When passed over red-hot lime, it yields butyronitrile 
(Laurent & Chancel): 

C s NH°0 2 - C 8 NH7 + 2110. 

3. Butyronitrile is likewise obtained by distilling butyramide with 
anhydrous phosphoric acid. (Dumas, Malaguti & Leblanc.) — 4. The 
aqueous solution of butyramide is decomposed by boiling with fixed 
alkalis, yielding ammonia and an alkaline butyrate (Chancel): 

C s NH°0 2 + HO + KO = KIP + OTffKO 4 . 

5. With pentachloride of phosphorus, butyramide forms butyronitrile, 
hydrochloric acid, and chloropkosphoric acid (Cahours, Gompt . rend. 
25, 325): 

C 8 KHW + PCI 5 = C 8 NIF +2IIC1 + PC1W. 

6. In cold nitric acid through which nitric oxide gas is passed, butyra- 
mide is resolved into butyric acid, water, and nitrogen gas (Piria, 
F. Ann. Chim. Phys. 22, 177): 

C 8 NH 9 0 2 + NO 8 * C B H 8 0 4 + HO + 2N. 

Combinations . Butyramide dissolves readily in water, especially in 
hot water. (Chancel.) 

% Mercury-c impound, C s NH 8 Hg0 3 .—When butyramide and mercuric 
oxide are boiled together in water, a solution is formed which by evapo* 

VOL. x. l 
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ration yields tills compound in tliin nacreous crystals, resembling those 
of butyramide but having a higher lustre. (Dessaignes, Ann. Pharm. 
82, 234.) 

Dessaignes. 


8 C . 

. 48 .. 

.. 25-81 

N .. 

. . 14 . 

. 7*53 

8H , , . 

. 8 .. 

. 4-30 

2 0 .. . 

. . .. 16 .. 

8-60 

Hg ... . 

.. 100 

53*76 


CSNBragCP . . 186 . .. 100*00 


This compound is soluble in cold water. (Dessaignes.) IT 
Butyramide dissolves in alcohol and ether . (Chancel.) 


f. Butylamine.. 

C 8 N R 11 =C 8 AdH 7 ,H 2 . 

Wortz. N. Ann. Ckim. Phys. 42, 164; Ann. Pharm. 92, 124. 

Butyramine, Butyriaque, Buiyliaque , Butylia. 

Formation . By the action of potash on cyanate and cyanurate of 
butyl. 

Preparation. 2 pts. of sulphobutylato of potash are distilled with 
1 pt. of recently prepared and perfectly dry cyanate of potash; the pasty 
mixture of cyanate and cyanurate of butyl which distils over, dissolved 
in alcohol; and the solution boiled with fragments of caustic potash. 
Carbonate of potash is then formed, and butylamine distils over, and is 
condensed in a small quantity of cold water acidulated with hydrochloric 
acid. The boiling is continued till the residue fuses completely, and no 
longer gives off alkaline vapours. The resulting solution of hydro¬ 
chlorate of butylamine is evaporated to dryness; and the residual salt 
freed by fusion from the water wdiick it retains, pulverized when cold, 
and quickly mixed with an equal weight of quick lime. This mixture is 
then introduced into a tube of hard glass, which must be filled with it 
to about four-fifths; the upper part of the tube filled with fragments of 
caustic baryta; a gas-delivery tube bent at right angles adapted to the 
larger tube, and made to pass into a small flask surrounded with ice; 
and the tube carefully heated in a combustion-furnace, from the closed 
end onwards. The evolved butylamine is then completely dehydrated by 
the caustic baryta, and condenses in the cooled flask. 

Properties. Transparent, colourless liquid, having a strongly ammo- 
niacal and somewhat aromatic odour, and producing dense white fumes 
with hydrochloric acid. Boils at 69° to TO 0 . 


Wiirtz* 

8 C . 48 .... 65*75 . 65*58 .... 65*87 

N . 14 ... 19*19 

11 H . . . 11 . 15*06 . 14*99 ... 15*26 


C s AdH',H 2 .... 73 100*00 


May also be regarded as butylene conjugated with ammonia s C S H S ,NH 3 —-or ad 
ammonia in which 1 At. H is replaced by butyl: N(H,H ( C 8 H 9 ). ' 









BUTYLAMINE. 


147 


Combinations . Butylamine dissolves in water in all proportions; the 
aqueous solution smells like the pure base, and is very caustic; when 
concentrated it is somewhat viscid. 

Salts of Butylamine . — Most metallic solutions are precipitated by 
butylamine in the same manner as by ammonia. The zinc, cadmium 
and copper precipitates dissolve in excess of the reagent; gelatinous 
alumina likewise dissolves in excess of butylamine; the precipitates 
formed in solutions of chromium , nickel, and cobalt , are insoluble in excess 
of butylamine. With nitrate of silver, butylamine forms a tawny yellow 
precipitate, easily soluble in excess. —• Gelatinous silica dissolves in 
butylamine, and remains in the pulverulent and amorphous state when 
the solution is evaporated. 

Hydrochlorate of Butylamine crystallizes in deliquescent needles, 
which melt below 100°; when exposed to the air, it gives off thick 
white fumes and volatilizes without residue. 

Wurtz. 


8 C . 48*0 .. . 43*83 . 43*83 

N. 14*0 .... 12*78 

12 H . 12*0 ... 10*95 11*05 

Cl . 35*4 ... 32*44 


C s NH n ,HCl . 109*4 .... 100*00 

Gold-salt. — Hydrochlorate of butylamine and tercliloride of gold 
may be mixed without separation of a double-salt; but on evaporation 
the double-salt crystallizes in rectangular tables of a pure yellow colour, 
but melting and changing to orange-yellow at 100° 


16 C. 

96 . 

... 18*32 ... 

Wurtz. 
.... 18*79 

2 N . 

28 . 

... 5-34 


24 H . 

24 . 

.. 4*58 ... 

. 4*84 

Au . 

199 . 

... 37*98 ... 

. 37-50 

5 Cl. 

177 . 

... 33*78 


2(C 8 NH n ,HCl) + AuCl 3 

524 . 

... 100*00 



Platinum-salt. — Hydrochlorate of butylamine and bichloride of 
platinum do not form an immediate precipitate when mixed even in the 
state of concentrated solutions; but on evaporation, the double salt 
crystallizes in beautiful orange-yellow laminae, which are soluble in 
water and in alcohol. 


8 C. 

.. 48-0 . 

, 17*18 . 

Wurtz. 

17*18 

N . 

.. 14*0 . 

5*05 


12 H .. 

,. 12*0 . 

.. 4*30 . 

4*52 

Pt .. 

.. 99-0 . 

.. 35*45 . 

, 35*02 

3 Cl . 

.. 106-2 . 

.. 38*02 


C 8 NH 1! ,HC1 + PtCl 2 .. 

.. 279*2 . 

... 100*00 



Butylamine dissolves in all proportions in alcohol and ether . 
(Wurtz) If. 
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/3. Amiclogen-nucleus. C 8 Ad 2 H 4 0 2 . 

Succinamide, 

C 8 N 2 H 8 0 4 =C 8 Ad 2 H 4 0 2 ; 0 2 . 


Fehlingl (1844.) Ann. Pharm. 49, 196. 

Wlien succinic ether is shaken up with aqueous ammonia, a white 
deposit is produced, which must be left for a few days tiil it no longer 
increases, then washed with alcohol, and crystallized from boiling water. 
White needles, which do not give off any thing at 100°, and melt when 
suddenly heated, turning slightly brown, but without further alteration. 


Fehling. 

8 C. 48 .... 41-38 41-C9 

2 N . 28 .... 24-14 24*13 

8 H . 8 .. . 6-90 7*00 

4 0 . 32 ... 27*58 . 27*18 

C 8 N 2 H s 0 4 . 11G . . 100-00 . 100-00 


Succinamide slowly heated to 200°, and kept at that temperature for 
a considerable time, gives off a large quantity of ammonia, and after¬ 
wards, wheu the heat is increased, sublimes in the form of bisuccinamide, 
leaving a small quantity of charcoal (Fehling): 

C s N-H s 0 4 = C s NH 3 0 4 + NH 3 . 


In cold nitric acid, through which nitrous gas is passed, it is resolved 
into succinic acid, water, and nitrogen gas (Piria, A r . Ann. Chim. Phys. 
22, 177): 

O°N-H s 0 4 + 2ND 3 = C s II 6 O s + 2HO + 4N. 

The boiling aqueous solution of 1 pt. succinamide mixed with bichloride 
of platinum, deposits on cooling almost exactly 2 pts. of cliloroplatinate 
of ammonium: hence 1 At. nitrogen is transferred to the platinum-salt. 
(Fehling.) 

Succinamide dissolves in 220 pts. of water at 15°, and in 9 pts. of 
boiling water; it is insoluble in ether and iu absolute alcohol , sparingly 
soluble in hydrated alcohol. (Fehling.) 


f ■ Butylic Urethane. 

C 1 °NH“0 4 =C 8 AdH 9 ,2C0 3 . 

E. Komars. X. Ann. Chim. JPhjs. 44, 337; Ann . £ktm. 95, 372: 
Chem. Sac. Qu. J. 8, 27C. 

Obtained by the action of gaseous or liquid chloride of cyanogen 
on butylic alcohol, its formation being however usually accompanied by 
that of carbonate of butyl (p. 104). — The best mode of preparing it is to 
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pour liquid chloride of cyanogen into butylic alcohol. The reaction takes 
place quickly if aided by heat, more slowly at ordinary temperatures. It 
is generally indicated (in case the butylic alcohol contains water) by the 
formation of a inass of crystals within the liquid; it is complete when 
the odour of chloride of cyanogen lias completely disappeared. The best 
mode of accelerating it, is to heat the mixture in a sealed tube immersed 
in a water-bath. After cooling, the crystals must be well pressed, 
then introduced into a retort and distilled, the receiver being changed 
as soon as -§ of the liquid has passed over, and the portion which distils 
at 220° being collected apart. This product, the butylic urethane, is an 
oily liquid which solidifies on cooling, and partly collects in the retort 
in a shining, crystalline, unctuous mass. It must be carefully collected 
and pressed between folds of bibulous paper. It is finally purified by 
crystallization from boiling alcohol. 

Beautiful nacreous crystals, having a strong lustre, unctuous to the 
touch, melting at a very gentle heat, and distilling without alteration. 
They are insoluble in water, but dissolve in alcohol and ether. 


Hum aim. 


10 c . 

, GO 

.... 51*28 . 

.... 51*09 

N .. . . 

. M 

11-97 


11 H . 

... 11 

9*40 .. ., 

.... 9*18 

40 . 

... 32 

.... 27*35 


C 10 NH n O 4 .... 

... 117 

.... 100*00 



May he regarded as a compound of carbonate of butyl with car¬ 
bamide: C 10 NH n O 4 =C 8 H 0 O,CO 2 + CNI-I 2 O. (Humann.) 


e. Nitrogen-nuclei, 
a. NitrogeJi-micleus C 8 NHb 
Butyronitrile. C 8 NH T . 

Dumas, Malaguti & Leblanc. (1847.) Compt.rend. 25, 442, and 
658. 

Laurent & Chancel. Cornet rend. 25, 884. 

Preparation. 1. By distilling butyrate of ammonia with anhydrous 
phosphoric acid. (Dumas, &c.)—2. By passing vapour of butyramido 
over lime heated to dull redness. (Laurent & Chancel.) The second mode of 
preparation is not so good as the first. (A. W. Hofmann, Ann. Pharm. 65, 56.) 

Properties. Transparent, colourless oil, of sp. gr. 0*795 at 12*5°; 
boils at 118*5°. Has an agreeable aromatic odour, like that of bitter 
almond oil (Dumas, Malaguti & Leblanc.) 

! Calculation, according to Dumas, Mai. & Lebl. 

8C. 48 ... 60*56 

N. 14 .... 20*29 

7 H. 7 . . 10*15 


C S NH 7 , 


69 .... 100*00 
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Decompositions. Tlie compound dissolves in boiling potash witli 
evolution of ammonia, and forms butyrate of potash: 

C 8 NH 7 + KO + 3HO = C 8 H 7 K0 4 + NH 3 . 

With potassium, it forms cyanide of potassium and a mixture of hy¬ 
drogen gas and a carburetted hydrogen which is denser than that which 
is evolved by potassium from acetonitrile (ix. 294). (Dumas, Malaguti 
& Leblanc.) [According to the equation: C 8 NH 7 H-K=;C 2 NK4-H-1- 
C 6 H 6 , this gaseous hydrocarbon should be propylene.] 

[Just as acetonitrile, C 4 lSrH 3 , may be regarded as cyanide of methyl 
or hydrocyanate of methylene, C 2 H 3 ,C 2 N or C 2 H 2 ,C 2 NH, so also may 
bulyronitrile, C 8 NH 7 , be regarded as cyanide of propyl, C 6 H 7 ,C 2 N, or 
hydrocyanate of propylene, C 6 H 6 ,C 2 NH.] 


Petinine. 

C 8 NH 9 =C 8 NH 7 ,H 2 ? 


Anderson. (1848.) Phil. Mag . 7, 33, 174; also J. pr. Chem „ 45, 160; 
abstr. Ann. Pharm. 70, 32. 

From ttstelvos volatile. Constitutes a very small portion of the empyreuinatic oil 
obtained by the dry distillation of bones. 

Preparation. Crude tarry bone-oil, to the amount of about 15 
pounds, is distilled at a gradually increasing heat in a half-filled iron 
retort, till about 4 has passed over; the resulting pale yellow oil sepa¬ 
rated from the watery distillate, then set aside, and frequently agitated 
for 8 to 14 days, with a mixture of 1 pt. oil of vitriol and 10 pts. water; 
the acid liquid diluted with a larger quantity of water and separated 
from the oil; and the oil again treated several times with dilute sulphuric 
acid to remove the volatile alkaloids completely. The dark brown or 
red-brown acid extracts thus obtained, which, besides a number of bases, 
contain also a neutral oil and pyrrol, are boiled, after addition of more 
sulphuric acid, in a porcelain or copper vessel; freed from the red rosin 
which separates out and causes violent percussion; and continuously 
boiled, with renewal of the water, till a sample, subjected to distillation, 
no longer evolves pyrrol. The liquid is then filtered from fresh portions 
of resin which have separated out, neutralised with potash or ammonia, 
and distilled together with the oil smelling of ammonia and stinking 
sea-crabs, which rises to the surface, as long as the oil which passes over 
continues to dissolve in the watery portion of the distillate. If the distil¬ 
lation be further continued, and the receiver changed, a small portion of oil passes over, 
which sinks in the water; and in the retort there remains,"above the watery liquid, an 

oily mixture of less volatile alkaloids -On dissolving hydrate of potash in 

the watery distillate thus obtained, an oily mixture of ammonia, petinine, 
picoline, and two or three other alkaloids, rises to the surface, and may 
be removed by a siphon, whilst a portion of the petinine remains dis¬ 
solved in the aqueous potash. — a. To obtain the petinine from the oily 
mixture, this mixture is dehydrated by adding hydrate of potash to it as 
long as that substance takes up water; and then repeatedly distilled in 
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a retort fitted with a thermometer, the oil which passes between 71° 
and 100°, and consists chiefly of petinine, being collected apart.— 
b. The petinine which remains dissolved in the aqueous potash is sepa¬ 
rated therefrom by a short distillation, and from the water which passes 
over with it by treatment with hydrate of potash — Lastly, the two 
portions of petinine obtained by a and L are united, and completely 
purified by repeated fractional distillation, with a well cooled receiver, 
whereby a large quantity of ammonia is expelled, the process being 
continued till the boiling point of the distillate becomes constant. 
Complete dehydration is attained by leaving the product for several days 
in contact with caustic potash, then decanting and rectifying. 

Properties. Transparent, colourless, strongly refracting liquid, lighter 
than water, boiling at about 70*5°. Has a very pungent odour, resem¬ 
bling that of ammonia, but not exactly the same; in the dilute state, it 
has the offensive odour of rotten apples; its taste is hot and very pungent. 
It blues reddened litmus, and forms white fumes with hydrocliloric acid 
held over it. 


Calcnlatio?i } according to Gm. Anderson. 

8 0 48 .... 07*61 60*66 

N. 14 .... 19*72 

9 H. 9 . 12*67 13*97 


C 8 NIi 7 ,H 2 . 71 .... 100*00 

Anderson prefers the formula: O s NH 10 ; Gerhardt ( N . J. 'Pharm. 14, 378, and 
Compt. C/iim. 1849, 12), the formula C 8 NH U . According to this latter formula, 
petinine is identical or metarneric with butylaminej also inetameric with biethylamme 
and methylopropylamine. 

Decompositions. 1 . Bromine -water dropt into aqueous petinine pre¬ 
cipitates an oil soluble in acids, whilst hydrobromate of petinine remains 
in solution. The oil is perhaps C 8 NBr 3 H 7 [or C 8 NBr 3 H 6 ]. — 2. Cold 
aqueous chloride of lime does not colour aqueous petinine, but causes it 
immediately to emit an extremely pungent odour. —A solution of 
petinine in excess of concentrated nitric acid may be boiled for a long 
time without perceptible decomposition. — IT Petinine is decomposed by 
nitrous acid, with evolution of nitrogen and formation of small oily 
globules, probably consisting of nitrite of butyl. (A. W. Hofmann, Ghem. 
Soc. Qu. J. 3, 239.) The decomposition appears to be similar to that 
of ethylamine (ix, 58), supposing that petinine is identical with butyla- 
mine. IT 

Combinations. Petinine dissolves in Water in all proportions. 

It combines with the stronger acids, the combination being attended 
with evolution of heat. It precipitates ferric salts, and is the strongest 
of all the alkalis contained in hone-oil. The Petinine-salts crystallize 
readily, are very permanent, and do not become coloured by exposure to 
the air; those which contain volatile acids may be sublimed. — They are 
all soluble in water. 

Sulphate of Petinine .—Dilute sulphuric acid neutralized with peti¬ 
nine gives off petinine when evaporated and leaves a syrup which soli¬ 
difies to a laminated mass of a very acid and somewhat deliquescent salt, 
which dissolves very readily in water. 
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Hydrochlovate of Petinine, — Dry petinine dissolves in hydrochloric 
acid with great evolution of heat, and yields a salt which sublimes in 
fine needles, and is extremely soluble in water, 

Petinine dissolves in dilute but not in concentrated solution of potash; 
it dissolves a small quantity of hydrate of potash. 

It precipitates cupric oxide from its salts, but redissolves it when 
added in excess, and forms a solution of a fine blue colour. 

An alcoholic solution of petinine forms with protochloride of mercury , 
a white precipitate which dissolves in a large quantity of hot water, 
more readily in hot alcohol, and crystallizes from the solution in silvery 
laminoe. Tt dissolves very readily in cold dilute hydrochloric acid. Its 
aqueous solution gives off petinine when boiled, and deposits a white 
powder. 

With terchloride of gold , petinine forms a pale yellow precipitate 
which does not dissolve when the liquid is boiled. 

With bichloride of platinum , in not too dilute solutions, petinine 
forms a yellow precipitate, which, by crystallization from hot water, is 
obtainedv in golden yellow tables resembling iodide of lead. These 
crystals dissolve with tolerable facility in cold, readily in hot water, also 
in alcohol, and are not decomposed by boiling the aqueous solution. 


8 C . 

Crystals . 

. 48*0 .. 

.. 17*32 .. 

Anderson. 
. 16*93 

N . 

. 14*0 . 

.. 5*05 


10 H 

. 10*0 .. 

.. 3*61 . 

.... 4*17 

Pt . 

. 99*0 . 

. 35*71 . 

.... 35*46 

3 Cl ... . 

. 106*2 

38*31 



C 8 NH 9 ,HCl-f PtCl 2 ... 277*2 .... 100*00 


According to Anderson, it is C s NH 10 ,HCl + PtCl 2 ; according to Gerhardt. 
C 8 NH n ,HCl + PtCl 2 . 

Petinine dissolves in all proportions in alcohol ether , and oik. 
(Anderson.) 


ft. Xitrogen-nucleus. C fl NH 3 Q\ 

Bisuecinamide. 

C 8 N H 5 0 4 = C 8 NH 5 0 2 ,0 3 . 


Fel. d’Arcet. (1835.) Ann. Chim. Phys. 58, 294; also Pom. 36, SO. 
Fehling. Ann. Pharm. 49, 198. 

Laurent & Gerhardt. Compt. chim. 1849, 108: also J. pr. Chm . 
47, 71. 


Succinamide (D’Arcet); Succinimide, (Laurent & Gerhardt.) 

Formation and Preparation. When dry ammoniacal gas is passed 
over succinic anhydride, heat is evolved sufficient to melt and volatilize a 
portion of the bisuecinamide produced, and of the water, so that it is only 
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necessary to heat the vessel a little towards tlie end of the operation, till 
all the bisuccinamide is sublimed (D’Arcet.): 

C 8 fFQ G 4- NH 3 - C 8 NH 5 0 4 + 2IIO. 

The same sublimate is also obtained on passing dry ammoniacal gas into 
succinic acid fused at 180°. (Feliling.) — 2. When neutral succinate of 
ammonia is heated, bisuccinamide sublimes, after previous evolution of 
water and ammonia. (Feliling.) — 3. When succinamide is heated for 
some time to 200°, till ammonia is no longer evolved, aud the heat then 
increased, the residue sublimes as bisuscoinamide. (Feliling.) 

The sublimate must be purified by crystallization from water, and the 
crystals dehydrated at 100°. (Feliling.) 

Properties. White, sublimable, (D’Arcet.) Reddens litmus. (Laurent 


& Gerhardt.) 

8 C . 

. 48 .. 

... 48*49 .. 

D’Arcet. 

. 48*78 ... 

Feliling. 
. 48-97 

N. 

. 14 

14-14 .. 

. 15-29 ... 

. 14 62 

5 H. 

. 5 

... 5-05 .. 

. 5*55 ... 

. 5-31 

4 0 . 

, .. 32 

... 32-32 .. 

. 30-38 ... 

.. .. 31-10 

C 8 NH 6 0 4 . 

. 99 . 

... 100-00 ., 

. 100-00 ... 

. 100-00 


Decompositions. 1 . When heated with potash-ley, it gives off ammonia 
(D’Arcet), and forms succinate of potash. (Feliling.) —2. Similarly, with 
the stronger acids, it yields an ammoniacal salt and free succinic acid. 
(Feliling.) On the other band, a boiling aqueous solution of bisuccinamide 
forms with bichloride of platinum a clear mixture, which, when evaporated 
to a syrup, and again taken up with alcohol, leaves but traces of ckloro- 
platinate of ammonium. (Feliling.) From a solution in hot concentrated 
potash, it separates out unaltered. (Laurent & Gerhardt.) 

Combmations. Bisuccinamide dissolves abundantly in Water, and 
when the solution is left to evaporate, separates in beautiful rhombo- 
liedrons (D’Areet), which give off their 15*94 p. c. (2 At.) water at a 
temperature considerably below 100°. (Feliling.) Rhombic octohedrons 
converted by truncation of their summits into rhombic tables (Fig. 42), 
p : a = 125°; acute angle of the rhombokedron = 67° nearly. The 
crystals, when exposed to the air, gradually give off their water. (Laurent 
& Gerhdardt.) 


Hydrated Crystals. 


D’Arcet. 

8 C. 

. 48 

„. 41-03 ... 

. 42*62 

N. 

. 14 ., 

... 11-96 ... 

..... 12-74 

7 H . 

. 7 

... 5-98 ... 

. 6-04 

6 0 . 

. 48 

... 41-03 ... 

. 38*60 

C s NH 3 0‘ + 2Aq. 

. 117 . 

... 100-00 ... 

. 100-00 

Or: 



Feliling. 

C 8 NH 5 0 4 . 

. 99 . 

... 84.61 ... 


2 HO. 

. 18 . 

... 15-39 .. 


C 8 NH 3 0 4 + 2Aq. 

. 117 . 

... 100*00 .. 

. 100-00 


From a mixture of Baryta-water and bisuccinamide, carbonic acid 
throws down only part of the baryta. But aqueous bisuccinamide boiled 
with carbonate of baryta, dissolves but a very small quantity of it. 
(Fehling.) 
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Aqueous bisuccinamide dissolves, even at a gentle heat, but more 
quickly on boiling, a large quantity of Lead-oxide, ‘without giving off a 
trace of ammonia, unless the boiling be continued unnecessarily long. 
The solution evaporated in vacuo, leaves a very viscid, amorphous mass, 
which dries up slowly but completely, and fuses to a clear liquid below 
100° without further loss of weight. It contains 57*65 p. c. PbO, 18*63 
C, 5*23 N, 2*56 H, and 15*93 0, and is therefore = 4Pb0,3C 8 NH 5 ,0 4 + 
3HO. When too strongly heated, it gives off ammonia, and afterwards 
forms a turbid solution with water. It quickly becomes moist when 
exposed to the air, and forms with water a clear solution, from which 
alcohol throws down a concentrated aqueous solution of the lead-com¬ 
pound in the form of a viscid transparent mass. If carbonic acid be 
passed through the aqueous solution as long as lead-oxide is precipitated 
thereby, and the filtrate evaporated in vacuo, a white opaque mass is 
left, which melts below 100°; it contains 40*15 p. c. PbO, and is there¬ 
fore =i 2PbO,3C 8 NH 5 OL The solution obtained by heating carbonate of 
lead for some time with aqueous bisuccinamide in the water-bath, pro¬ 
bably contains the same compound. (Fehling.) 

IT Mercury-compound. C 8 NH 4 Hg0 4 . — Bisuccinamide dissolves mer¬ 
curic oxide with great facility, this compound being formed, with 
elimination of 1 At. water: 

C 8 NH 5 0 4 + HgO » C s NH 4 Hg0 4 + HO. 

The solution somewhat concentrated, and filtered while hot, becomes 
filled on cooling with delicate silky needles which, after washing and 
drying in vacuo, are found to contain 50*48 p. c. mercury. The above 
formula requiring 50*50. (Dessaignes, Ann . Fharm . 82, 234,) IT 

Silver-compound. — Obtained by adding a few drops of ammonia to a 
boiling concentrated alcoholic solution of bisuccinamide, then nitrate of 
silver, and leaving the solution to crystallize by cooling. If the bisuc¬ 
cinamide is mixed with succinic acid, the liquid, after addition of the 
nitrate of silver, must be filtered hot from the precipitated succinate of 
silver. — Beautiful four-sided prisms with pyramidal summits. (Laurent 
& Gerhardt.) 

Crystals. Laurent & Gerhardt. 


8 C .. 

. 48 

.. 23*30 .... 

.... 23*0 

N . 

. 14 

.. 6*80 


4 H. 

.... 4 . 

.. 1*94 .... 

.... 2*1 

Ag. 

. 108 

.. 52*43 .... 

.... 52*3 

4 0 . 

. 32 . 

.. 15*53 


C 8 NH 4 Hg0 4 . 

. 206 ., 

... 100*00 



The crystals, when suddenly heated, detonate like oxalate of silver; 
when gradually heated, they emit a peculiar sharp odour, and give off an 
oil which crystallizes on cooling. They give off ammonia only when 
treated with hot solution of potash. With dilute hydrochloric acid, they 
are resolved into chloride of silver and reproduced bisuccinamide. They 
dissolve very readily in ammonia, sparingly in cold, and pretty readily in 
hot water or alcohol. 

When this compound is boiled for a short time with water containing 
a few drops of ammonia, the solution yields on evaporation, small, shin¬ 
ing, right rhombic prisms, with acute lateral edges of 75°, which, when 
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suddenly heated, are decomposed without detonation, and leave a residue 
of silver containing charcoal; they dissolve in water much more readily 
than the preceding compound, hut behave in the same manner with 
hydrochloric acid. According to the following analysis, they are either 
bihydrated silver-bisuccinamide, or — which is more probable — suc- 
cinamate of silver = C 8 NH 6 Ag0 6 , (Laurent & Gerhardt.) 

Crystals . Laurent & Gerhardt, 


8 C . 

. 48 . 

.. 21*43 .... 

.... 21*7 

N. 


... 0*25 


6H. 

. 6 . 

.. 2*68 .... 

.... 2*7 

Ag. 

. 108 

.. 48*21 .... 

.... 48*3 

6 0. 

. 48 .. 

... 21*43 



224 . 

... 100*00 



Ammoniacal Silver-compound. — The solution of silver-bisuccinamide 
in a small quantity of ammonia, leaves by spontaneous evaporation an 
alkaline syrup which gradually solidifies in a hard crystalline mass 
composed of square or rectangular prisms. This substance gives off 
ammonia when treated with potash-solution, even at ordinary tempera¬ 
tures. In contact with concentrated hydrochloric acid, it becomes very 
strongly heated, and gives off fumes of sal-ammoniac. After the am¬ 
monia has been precipitated from the solution of the compound in 
hydrochloric acid by excess of bichloride of platinum, the filtrate, 
if boiled with strong hydrochloric acid and evaporated to dryness, yields 
another quantity of chloroplatinate of ammonium about equal to the 
former. (Laurent & Gerhardt.) 


Crystals. 

8 C . 

. 48 . 

... 21*52 

Laurent & Gerhardt, 

N. 

.. . 14 . 

.. 6*28 

. 6*0 

4 H. 

. 4 . 

... 1*80 


Ag. 

.... 108 . 

.. 48*43 

. 48*2 

4 0. 

. 32 .. 

.. 14*35 


NH 3 . 

. 17 .. 

... 7*62 

. 7*0 

NH 3 , C 8 NH 4 Ag0 4 . 

. 223 . 

... 100*00 



Bisuccinamide dissolves pretty readily in alcohol , sparingly in ether. 
(D’Arcet.) 


7 . Nitrogen-nucleus. C 8 NAdH 2 0 4 ‘. 

Dialuric Acid. 

C 8 N 2 H 4 0 8 =C 2 NAdH 2 0 4 ,O 4 . 

Liebig & Wohler. (1838.) Ann. Pharm. 26, 276. 

Gregory. Phil . Mag . J . 24, 187; also J. pr. Chem. 32, 277. 

Formation. When sulphuretted hydrogen is passed through a boiling 
aqueous solution of alloxan as long as any action takes place, the liquid 
no longer deposits alloxantin on cooling; gives with baryta-water out of 
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contact of air, not a blue but a white precipitate; and produces with 
carbonate of ammonia a large quantity of crystals of dialurate of 
ammonia: 

C 8 N-H 2 0 8 + 2HS = C 8 N 2 H“0 8 + 2S. 

Zinc and hydrochloric acid also reduce aqueous alloxan partly to 
alloxantin, partly to dialuric acid. (Liebig & Wohler.) 

Preparation of Dialurate of Ammonia, 1. A boiling aqueous solution 
of alloxan is completely decomposed by a stream of sulphuretted hydro¬ 
gen, and the acid liquid, after filtration from the sulphur, is neutralized 
with carbonate of ammonia, which produces, with effervescence, a white 
crystalline precipitate of dialurate of ammonia. — 2. A solution of uric 
acid in dilute nitric acid is mixed with a quantity of hydrosulpliate of 
ammonia, sufficient to nearly neutralize its acid reaction, so that it still 
reddens litmus slightly; the resulting pasty precipitate washed with cold 
water; dissolved in boiling water; and the filtrate mixed with carbonate 
of ammonia, whereupon it solidifies on cooling to a crystalline mass of 
dialurate of ammonia. — 3. An aqueous solution of alloxan is treated 
with zinc and hydrochloric acid, and the liquid decanted from the precipi¬ 
tated alloxantin is mixed with carbonate of ammonia till the oxide of 
zinc at first precipitated is redissolved; it then, after a while, yields 
crystals of dialurate of ammonia. (Liebig & Wohler.) — 4. Ammonia is 
added at ordinary temperatures to the mother-liquid obtained in the 
preparation of alloxan or alloxantin, till the liquid reddens litmus but 
slightly; sulphuretted hydrogen is then passed through it, till the sulphur 
at first precipitated is redissolved; the liquid heated till the dialurate of 
ammonia which thickens the liquid is dissolved; a small quantity of 
hydrosulpliate of ammonia added, if necessary, to dissolve any sulphur 
that may have remained undissolved; the clear liquid left to cool; the 
crystallized dialurate of ammonia collected on a niter; washed, first 
with dilute hydrosulphate of ammonia, then with alcohol till the wash- 
liquid runs through pure and colourless; pressed quickly in the filter 
between bibulous paper; and dried in vacuo over oil of vitriol. (Gregory.) 
If it should still be not quite pure, it must be once more dissolved in 
warm water containing hydrosulpliate of ammonia, and the crystals 
washed and dried as above. (Gregory.) 

Preparation of Dialunc acid. From a solution of dialurate of 
ammonia in warm hydrochloric acid, the dialuric acid separates on cooling 
in crystals, which must be quickly separated from the mother-liquor and 
dried. (Gregory.) — This experiment had been previously made by Liebig & Wohler, 
who, however, from their analysis of the crystals thus obtained, regarded them as 
alloxantin, which, on account of the peculiar crystalline form, they regarded as dimor¬ 
phous. Gregory suggests that the crystals of dialuric acid first produced may have 
been concerted into alloxantin by the oxygen of the air, without changing their form. 

Properties. Colourless crystals, which resemble those of alloxantin, 
and redden litmus strongly. (Gregory.) 


Crystallized Acid, according to Gregory. 

8 C. 

. 48 . 

... 33*33 

2 N. 

. 28 . 

... 19*45 

4 H..... 

. 4 . 

... 2*78 

80. 

.. 64 . 

... 44*44 

C 8 N 2 H 4 0 8 . 

. 144 ., 

... 100*00 


Liebig & Wohler had previously determined the constitution of the acid from their 
analysis of the ammonia-salt. 
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Decompositions. 1. Aqueous dialuric acid (and likewise tlie crystal¬ 
lized acid when immersed in the aqueous mother-liquor) is partially 
converted, doubtless with absorption of oxygen from the air, into allox¬ 
antin, so that it no longer forms a white precipitate with baryta-water, 
but flesh-coloured, purple, or violet, according to the quantity of the 
alloxantin produced (Gregory): 

2C 8 N 2 H 4 0 8 + 20 = C 16 N 4 H 4 0 14 + 4H0. 

When dilute sulphuric acid is poured upon crystallized dialurate of 
ammonia, an indistinctly crystalline residue [of dialuric acid] is obtained, 
which dissolves in a large quantity of water. This solution deposits 
alloxantin in a few hours [on exposure to the air?]; and the filtrate, 
when freed from sulphuric acid by boiling with carbonate of baryta., and 
then filtered and evaporated, solidifies with formation of transparent 
prisms [of dialuric acid ?] resembling oxalic acid; no urea is produced in 
this reaction. On the other hand, a solution of dialurate of ammonia in 
warm hydrochloric acid yields on cooling, crystals of dimorphous allox¬ 
antin [dialuric acid converted into alloxantin by the action of the air], 
and urea is found in the mother-liquor. (Liebig & Wohler.) — 2 . When 
an aqueous solution of dialuric acid is boiled, oxalic acid and other pro¬ 
ducts of decomposition are formed. — The boiling aqueous solution of 
alloxan, completely converted into dialuric acid by the action of sulphu¬ 
retted hydrogen, then filtered from sulphur, and concentrated in a retort 
out of contact of air, deposits on cooling: ( 1 .) a thick white, warty crust 
of dialuric acid more or less altered, which turns red on drying; reddens 
litmus strongly; dissolves with difficulty in cold water and then reduces 
silver; forms a violet precipitate with baryta-water; and, on addition of 
carbonate of ammonia, deposits after a while a small quantity of dia¬ 
lurate of ammonia; — and ( 2 .) a mother-liquor containing ammonia, 
oxalic acid and a body which crystallizes in hard yellow opaque crystals. 
(Liebig & Wohler.) — 3. Aqueous dialuric acid mixed with aqueous 
alloxan deposits crystals of alloxantin. (Liebig & Wohler.) 

C 8 N-H 4 0 8 + C 3 N 2 H 2 0 8 = CTOO» + 2H0. 


Combinations. The acid does not appear to dissolve very abundantly 
in water. 

It neutralizes alkalis completely. The Dialurates in the dry state 
are quite permanent in the air. (Gregory.) 

Dialurate of Ammonia. — Preparation (p. 13G). Soft white crystal¬ 
line powder, or delicate white silky needles, which become rose-coloured 
when dried at ordinary temperatures, and blood-red at 100 °, but without 
giving off ammonia (Liebig & Wohler); 

2CWO s + 20 = C 1G N 6 H s 0 12 + 6H0. 

purpurate of 
ammonia. 

Small needles which, when dried in the air, unite into a mass having a 
silky lustre. (Gregory.) The salt dissolves sparingly in cold, readily in 
hot water, from which it separates almost completely on cooling, espe¬ 
cially on addition of carbonate of ammonia. The aqueous solution 
instantly reduces silver-salts. (Liebig <fc Wohler.) A solution of dialu- 
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rate of ammonia, which probably also contained alloxantin, acquired by 
the action of hydrosulphate of ammonia a beautiful but transient sky-blue 
colour. (Gregory, Ann. Pharm . 33, 336.) 

Crystallized. Liebig & WShier. 

8C . 48 .... 29-81 29-84 

3 N . 42 .... 26-09 ... . 25*91 

7 H . 7 .... 4*35 4-54 

8 O . 64 .... 39-75 .... 39*71 

C 8 N 2 H 3 (NH 4 )0 8 . 161 ... 100*00 100*00 

Dicdurate of Potash. — Deposited, on mixing a potash-salt with 
aqueous dialuric acid, in hard crystals which are^ sparingly soluble 
in water. (Gregory.) The ammonia-salt dissolves in potash-ley with 
evolution of ammonia, forming a liquid in which acids do not form any 
precipitate. (Liebig & Wohler.) 

Dialumte of Baryta. — The ammonia-salt forms with baryta-salts a 
white precipitate containing 36 p. c. baryta. (Liebig & Wohler.) Dia¬ 
luric acid throws down from dissolved baryta-salts a white powder 
scarcely soluble in water. (Gregory.) 

The ammonia-salt added to neutral acetate of lead, throws down 
yellow flakes which turn violet on exposure to the air. (Liebig & 
Wohler.) 


Appendix. 

Hydurilic Acid. 

Schlieper. (1845.) Ann Pkarm. 56, 9. 

Produced occasionally, together with alloxan, alloxantin, dialuric 
acid, &c., by the action of 2 pts. of cold nitric acid of sp. gr. 1 *25 on 
1 pt. of uric acid. If the mother-liquor, after cooling, he filtered from 
the crude alloxan, concentrated below 50°, and the crystalline magma 
which forms over night, thrown upon a filter and washed with water, 
acid hydurilate of ammonia, [or perhaps the free acid ?] remains, in the 
form of a yellow crystalline powder which, by solution in boiling water, 
digestion with animal charcoal, and crystallization, may bo obtained in 
loose, snow-white, very slender needles. As this salt is not decomposed 
by acids (even boiling concentrated hydrochloric acid docs not abstract 
ammonia from it), it must be decomposed by boiling with potash and the 
hydurilic acid separated from the liquid by hydrochloric acid. From the 
hot solution, the hydurilic acid separates after some time only, in a form 
similar to that of acid hydurilate of ammonia; from the cold solution, it 
separates immediately in the form of a white powder. [It is not stated 
by what characters hydurilic acid is distinguished from the so-called acid 
hydurilate of ammonia.] In subsequent treatments of uric acid by nitric 
acid, as above described, no hydurilic acid was obtained. 

Dried hydurilic acid is a white loose powder composed of fine 
needles. 
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Hydurilic acid is converted by nitric acid into nitrohydurilic acid 
( vid. inf.). It dissolves in oil of vitriol -with blackening, and only a 
small portion of it is precipitated from tbe solution by water. 

It is nearly insoluble in cold water, and dissolves but sparingly and 
slowly in boiling water. 

It decomposes tlie alkaline carbonates with tbe aid of beat. [Schlieper 
asumes the existence of neutral and acid dialurates, but has not demonstrated the 
existence of any one of the latter.] 

Ammonia-salt. — Obtained by evaporating the ammoniaeal solution of 
hydurilic acid, or of tbe [so-called] acid hydurilate of ammonia, in tbe 
water-batb, with frequent addition of ammonia, and cooling. Delicate, 
white, flattened needles, with almost a silvery lustre. It dissolves pretty 
readily in pure water, very easily in water containing ammonia; acids 
added to tbe solution throw down tbe [so-called] acid salt, in delicate 
white needles. 

Potash-salt — Tbe solution of tbe acid in caustic potash, crystallizes 
only after complete drying, in small nodules, which are insoluble in 
alcohol. 

Soda-salt. —When carbonate of soda is added to tbe acid diffused in 
water, as long as effervescence is produced, tbe acid dissolves, but im¬ 
mediately afterwards tbe soda-salt is precipitated in tbe form of a crystal¬ 
line powder, which increases in quantity as tbe liquid cools, and on addi¬ 
tion of alcohol, after drying, it forms a white heavy crystalline meal, 
which gives off water even below 100°, and crumbles to a reddish white 
powder. 

The aqueous solution of the neutral ammonia-salt forms with laryta - 
salts a white precipitate; with lead- salts, a white precipitate soluble in 
nitric ? but insoluble in boiling acetic acid; and with silver-salts a white 
precipitate, which turns grey at 100°. 

Hydurilic acid is insoluble in alcohol (Schlieper). 

Here follow Schlieper’s analyses, together with the very improbable 
formulae which he deduces therefrom. 


Hydurilic acid 

Neutral 

Soda-salt 

Silver-salt 

at 100°. 

Ammonia-salt. 

at 100°. 

at 100°. 

C ls N 3 H 3 O u 

2NH 3 ,C l -N 3 H 3 0 9 ,3Aq. 

2NaO,C 3£ N 3 H 3 OV>Aq. 

2AgO,C 12 N 3 IW 





2 NaO . . 28*77 

2AgO . . 54*56 

12 C. 

.. 34-58 

12 C ... 

... 28-97 

12 C . .. 24*74 

12 C .. 17*75 

3 N.. 

.. 20*79 

5 N . 

. 28*48 

3 N 

3 N 

5 H . 

. 2*33 

12 H... 

.. 5-14 

8 I-I . 2*59 

3 H .... 1-03 

11 0 

42*30 

12 0, .. 

... 37*41 

14 0 

9 0 


100*00 


100-00 




Laurent (Compt. rend. 31, 353) assigns to hydurilic acid the formula 
C l2 N 3 H»0 10 . 17 


Ritrohydurilic Acid. 

Schlieper. Ann. Tharm. 56, 16. 

Hydurilic acid is suspended in water so as to form a magma; the whole 
mixed with half its volume of nitric acid, and gently and continuously 
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heated till the evolution of nitrous acid and a little carbonic acid, which 
is violent at first, entirely ceases as the liquid cools; the liquid, which 
is clouded by a white powder, diluted with cold water; then filtered (the 
filtrate contains alloxan); the white powder washed in cold water, and 
purified by solution in cold oil of vitriol, and precipitation by water, 
washing, and drying. 

In this manner, nitrohyduvilic acid is obtained, in the form of a white 
powder, which reddens litmus. 

Deflagrates like gunpowder when heated. 

It is insoluble in cold, sparingly soluble in hot water. Dissolves in 
concentrated sulphuric or nitric acid, whence it is precipitated by water. 

It is insoluble in ammonia, but dissolves pretty readily in potash, and 
is precipitated from the solution by acids. 

Nitrohydurilic acid , dried at 100°. Schlieper. 

8 C. 48 .... 23*53 23*12 

3 N . 42 .... 20*59 . . 20*46 

2^H. 2 .... 0*98 1*22 

14 O . 112 . 54*90 55*20 

C 8 N 3 H 2 O u . 204 .... 100*00 100*00 

Laurent ( Compt . rend. 31, 353, assigns to this acid the formula 
G 8 N 2 H 3 (N0 4 )0 10 = G 8 N 3 H 3 0 14 , representing it in fact as nitroalloxanic 
acid. 


Alloxanic Acid. 

C*N 2 H 4 O 10 = C 8 NAdH 2 0 4 ,0 G . 

Liebig & Wohler (1838). Ann. Pharm. 26, 292. 

Schlieper. Ann. Pharm. 55, 263; 56, 1. 

Formation . By bringing alloxan in contact with aqueous fixed alkalis, 
(Liebig & Wohler): 

C s JN 2 H 2 O s 4- 2BaO = C s N-H 2 Ba 2 0 10 . 

Preparation. A warm aqueous solution of alloxan is mixed with 
baryta-water not in excess, the precipitated alloxanate of baryta col¬ 
lected, and decomposed with an equivalent quantity of dilute sulphuric 
acid; and the filtrate evaporated to a syrup, which solidifies in a few 
days in a crystalline form. (Liebig & Wohler.) 

To hit the exact proportion of sulphuric acid, the alloxanate of 
baryta, stirred up with water, must be treated with a quantity of the 
acid less than sufficient to decompose it; the liquid set aside for a few 
hours in a warm place, so that the undecomposed alloxanate of baryta 
may dissolve in the aqueous acid; and the remaining portion of baryta 
carefully precipitated from the filtrate by sulphuric acid. The liquid is 
then again filtered and evaporated to a syrup below 40°. (The syrup 
obtained by evaporation between 50° and 60°, forms a viscid mass, which 
does not crystallize even after a long time.) (Schlieper.) 

Properties. Hard white needles, arranged in radiated groups, and 
permanent in the air. (Liebig and Wohler.) Sometimes small needles 
grouped in warty masses. Very sour with sweetish after taste, (Schlieper.) 










ALLOXANIC ACID. 


161 


Crystallized acid. 

Calculation according to Liebig 

& Wohler. 

8 C. 

. 48 . .. 

30-0 

2 N . 


17*5 

4 H . 

. 4 .... 

2*5 

10 0 .... 

. 80 . 

50-0 


C 8 N-Jrl 4 0 10 . ICO .... 100*0 


Decompositions . 1 . The acid when heated melts with violent intu¬ 
mescence, and becomes carbonized, with evolution of cyanic acid vapours. 
(Schlieper.) — 2. The aqueous solution, heated to between 60° and 
100 °, is resolved, with abundant evolution of carbonic acid, into -leuco- 
turic acid (ix. 444,) which falls down as a white powder, on adding 
water to the solution after evaporation, — diffluan (ix. 448,) which re¬ 
mains in solution, but may be precipitated by alcohol, —and a very 
small quantity of a substance which dissolves in water and alcohol, crys¬ 
tallizes in crusts, and appears to be C 6 N 3 H 6 0 4 , (Schlieper, Ann. Pharm. 
56, 1.) The diffluan forms the largest portion of the product; if, howevei*, 
the aqueous alloxanic acid be evaporated in a platinum capsule over the 
water-bath, till the residual syrup flows quietly without frothing, a much 
larger quantity of leucoturic acid is obtained, viz. about 20 to 30 per 
cent. (Schlieper.) — 3. Alloxanic acid heated with nitric acid, is coil- 
verted into parabanic acid (ix. 442). (Schlieper.) [Probably thus : 

C 8 N 2 H 4 0 10 + 20 = C 8 N 2 H 2 0 6 + 2CQ 2 + 2IIO.] 

4. When alloxanate of baryta is boiled with water, (Liebig & 
Wohler,) or when aqueous alloxanic acid is mixed with excess of baryta- 
water, or with a mixture of chloride of barium and a large quantity 
of ammonia or potash (Schlieper), a gelatinous or pasty, strongly alka¬ 
line precipitate is formed, which rapidly absorbs carbonic acid from the 
air, is tolerably soluble in water, and contains mesoxalate of baryta 
(ix. 425.) with perhaps basic alloxanate of baryta, while urea remains 
in the filtrate : 

C s N 2 H 4 0 10 + 2HO = C fi II 2 0 10 + C 2 N 2 H 4 0 2 . 

5. The solution of alloxan in caustic potash, forms an indigo-blue 
precipitate with ferrous salts. (Brugnatelli-) — Alloxanic acid is not 
decomposed by sulphuretted hydrogen (Liebig & Wohler), or by boiling 
with bichromate of potash or bichloride of platinum. (Schlieper.) 

Combinations. The acid dissolves readily in water. (Schlieper.) 

It decomposes carbonates and acetates, (Liebig & Wohler.) The 
neutral or bibasic alloxanates are = C 8 NAdM 2 0 4 ,0 fi ; the acid or monobasic 
alloxanates = C 8 NAdPIM0 4 ,0 G . The aqueous solution of bibasic alloxanate 
of baryta, strontia, or lime, deposits mesoxalate and carbonate of baryta, 
&c. when boiled, while mesoxalic acid and urea remain in the solution. 
(Liebig.) 

Alloxanate of Ammonia. — a. Bibasic. — The solution of the salt b 
in ammonia deposits, on addition of alcohol, a portion of -the salt in the 
form of a thick solution, which, on standing, is con veiled into a white 
crystalline mass; the remaining portion crystallizes after a while from the 
alcoholic mixture. The crystals continually give off ammonia, even 
when dried over lime, and their aqueous solution yields crystals of the 
salt b by spontaneous evaporation. (Schlieper.) 

‘VOL. x. M 
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b. Monobasic. The acid saturated with aqueous ammonia yields, by 
spontaneous evaporation, shining, somewhat yellowish, hard crystals 
belonging to the oblique prismatic system, which redden litmus strongly. 
They yield by dry distillation a small quantity of water, then carbonate 
and hydrocyanate of ammonia, then oxamide, which sublimes as a white 
powder, and urea, which sublimes in long needles. They dissolve in 3 
or 4 pts. of water, but are insoluble in alcohol, which precipitates them 
from water* (Schlieper.) 


Crystals dried at 100°. Schlieper. 

a a nn.i o or; hK 


80 . 

. . . 48 ... 

27*12 .. 

. ... 26 75 

3 N . 

. 42 

23*73 

. 23*66 

7 H . 

... . 7 

.. 3*95 ... 

.... 4*24 

10 o . 

.. 80 ... 

.. 45*20 .. 

. .. 45*35 

C s N-H 8 (NH 4 )0 10 

. 177 .. 

. 100*00 .... 

. . . 100 00 


Alloxanate of Potash. — a . Bibasic. A concentrated aqueous solu¬ 
tion of alloxan is mixed with an equal volume of strong potash-ley; 
strong alcohol carefully added to the mixture, which has generally a 
yellowish colour, till the turbity, which at first disappears as fast as it is 
produced, begins to become permanent; a drop of water then added, 
which removes the turbidity; and the mixture set aside for a few days to 
crystallize, with frequent addition of alcohol, whereby the quantity of 
crystals is increased. If too much potash be added, the alcohol throws 
down a concentrated solution, which solidifies in the crystalline form; if 
the quantity of potash be too small, alcohol throws down the acid 
potash-salt, which, from its insolubility in alcohol, can no longer be 
converted into the neutral salt by adding potash to the mixture. The 
solution of alloxan in potash-ley likewise yields large crystals by sponta¬ 
neous evaporation; but when evaporated in the water-bath, it leaves a 
glutinous mass, which, however, may be converted into crystals by re¬ 
solution in water and spontaneous evaporation. — Transparent, colour¬ 
less, shining crystals, belonging to the double oblique prismatic system; 
bitter; neutral. They give off 15*61 p. c. (5 At.) water at 100°, but 
retain the sixth atom obstinately, even at 150°, at which temperature 
they begin to turn yellow. They dissolve readily in water, but are 
insoluble in alcohol and ether. (Schlieper.) — The very sweet solution of 
alloxan in potash-ley soon decomposes and turns sour, assumes a yellow 
colour when evaporated, and finally leaves a red mass, which forms a red 
solution in water. (Brugnatelli.) 


Air-dried Crystals. Schlieper. 

2KO.94*4 . 32*16 . 32*00 

8 C ... . 48*0 . 16*53 ... . 16*48 

2 N . 28*0 . 9*64 

8 H. 8*0 . 2*76 .... 2*86 

14 O . ... 112*0 38*91 


CWH^O^OAq. 290*4 . 100*00 

5. Monobasic . — 3 vol. of saturated alloxan solution are mixed with 
1 vol. concentrated potash-ley, and the resulting salt precipitated in the 
form of a crystalline meal, by the addition of a large quantity of alcohol. 
When potash-ley is dropt into an alcoholic solution of alloxan, the salt 
is precipitated in the form of a viscid mass, which passes but slowly into 
the crystalline state. — White granular powder, which has a strong acid 
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reaction, and assumes a strong red colour by exposure to tlie air, espe¬ 
cially in drying. It dissolves with some difficulty in water, and when 
the solution is evaporated, remains in the form of a thick gum, which 
takes a long time to crystallize. It dissolves sparingly in hydrated 
alcohol, and is, therefore, precipitated, but imperfectly, by alcohol from 
its aqueous solution. (Schlieper.) 

Dried at 100°. 

KO . 47*2 .... 23*81 

SC . 48'0 . .. 24-22 

2 N.28-0 , . 14-13 

3 H. 3'0 1-51 

9 0 72‘0 . 36-33 

C 8 N 2 H 3 K0 10 .. . ... 198*2 . . lOO'OO 

Alloxanate of Soda. — Bibadc. — From a concentrated mixture of 
aqueous alloxan and solution of caustic soda, alcohol throws down a 
concentrated solution of the salt, which, on account of its great tendency 
to deliquesce, does not crystallize even when left to stand over oil of 
vitriol or when treated with absolute alcohol; if the mixture just men¬ 
tioned be evaporated at 100°, it leaves a deliquescent gummy mass; if 
it be evaporated in vacuo over oil of vitriol, small crystalline nodules are 
produced in the syrup. (Schlieper.) 

Alloxanate of Baryta. — a. Neutral. — 1. An aqueous solution of 
alloxan saturated in the cold is heated to 60°, and baryta-water dropt 
into it till a precipitate begins to form; this precipitate then dissolved 
by the addition of a small quantity of alloxan; the liquid left to crys¬ 
tallize by cooling, and the mother-liquor again treated in the same 
manner with baryta-water. (Liebig,) — 2. Three vol. of cold-saturated 
aqueous alloxan are mixed with 2 vol, of cold saturated aqueous chloride 
of barium; the mixture heated to 60° or 70°; and potash-ley added with 
brisk agitation, till the precipitate which redissolves at first begins to 
become permanent. At this moment, the liquid becomes suddenly filled 
with precipitated alloxanate of baryta, which quickly falls down in the 
form of a heavy granular powder, and may be freed from chloride of 
potassium by washing with cold water. (Schlieper,) If the proper 
quantity of potash be added, the filtrate contains but little alloxan; if it 
is not sufficient, a little more must be added, in order to obtain more 
baryta-salt; if too much potash has been added, a thick curdy precipitate 
of basic alloxanate of baryta is produced mixed with mesoxalate. This 
precipitate must therefore be quickly redissolved by a further addition 
of the alloxan-solution, which is easily done. (Schlieper.) 

Short, transparent, colourless prisms or white nacreous scales. They 
give off 20-2 p. c. water between 100° and 120°, and 22 2 p. c. (8 At.) 
in all, at 150°, and become milk-white. When ignited, they leave 
carbonate of baryta arid cyanide of barium. They dissolve very sparingly 
in cold, more readily in hot water, very readily in acids. (Liebig h 
Wohler.) — The precipitate formed by alloxan in baryta-water dissolves 
in excess of alloxan; when exposed to the air, it is converted into 
carbonate of baryta. Similarly with lime-water. (Brugnatalli.) 


Schlieper. 

23*27 
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Dried at 120°. Liebig & Wohlei. 


2 BaO . 

153*2 . 

. . 50*36 ... 

.... 49*35 

8 C . 

48*0 . 

... 15*78 . 

.... 16*01 

2 N . 

28*0 

... 9*20 ... 

.... 9*21 

3 H. 

3-0 . 

.. 0-99 .. 

. 1*17 

9 0.. 

72-0 

. 23-67 

24*26 

C s iN-H 2 Ba-0'° +Aq. 

<N 

O 

CO 

. 100 00 . 

. 100*00 


b. Monobasic . — 1. The salt a is partially decomposed by digestion 
with dilute sulphuric acid, the filtrate evaporated, and left for some days 
n a cool place, whereupon it deposits crusts consisting of small nodules. — 
2 The acid ammonia-salt is mixed with chloride of barium, evaporated 
and set aside. The salt crystallizes when its aqueous solution is eva¬ 
porated at 30°, in beautiful silky nodules. It reddens litmus; dissolves 
in water more readily than the neutral salt, still more readily in aqueous 
alloxanic acid, and sparingly in alcohol, which does not precipitate it 
from the aqueous solution. (Schlieper.) 


Air-dried crystals. Schlieper. 

BaO . 70*6 .. 31-19 .. 31‘83 

8 C. 48*0 19 54 . 19*15 

2 N. 28*0 11*40 

5 H . 5-0 .... 2-04 2*22 

11 O . 88*0 35*83 


C 8 N 2 H 3 BaO I0 + 2Aq. 245*0 . . 100 00 

AUoxanate of Stronlia. — Bihasic. — Prepared like the baryta-salt (1). 
Small transparent needle*, which completely give off their 22*5 p. c. 
(8 At.) water at 120°. (Liebig & Wohler.) 


Air-dried crystals. Liebig & Wohler. 


2 SrO . . 

... 104 . 

.. 32*70 

. 32*60 

8 C. 

48 . 

.. 15*10 . 

. 15*14 

2 N . 

.. 28 . 

.. 8*80 . . .. 

. 8*76 

2 H. 

.. 2 . 

. 0*63 

0*90 

8 0 . 

64 . 

.. 20*13 . 

. 20*10 

8 HO 

.. 72 

22*64 . . 

22*50 

C s N-H-ir-O I0 + 8Aq.< .. 

.. 318 . 

... 100*00 . 

100*00 


Alloxanate of Liras. — a. Bihasic. — 1. Aqueous alloxan forms with 
chloride of calcium on addition of ammonia a thick gelatinous precipitate, 
which on standing is converted into transparent crystalline grains and 
short prisms, which give off their water at 120°, and dissolve readily in 
acetic acid. (Liebig & Wohler.) — 2. A mixture of aqueous alloxan and 
chloride of calcium is precipitated by potash not in too great quantity. 
(Schlieper.) —~ 3. A mixture of neutral alloxanate of potash and chloride 
of calcium, if concentrated, immediately deposits a white granular crys¬ 
talline meal; if dilute, it yields by evaporation small prisms having a 
strong lustre. Dissolves in water more readily than the baryta-salt, 
but is insoluble ia alcohol, which precipitates the aqueous solution, 
(c hlieper.) 


Air-dried. Schlieper. 

2 CaO. 56 .... 19*44 19*47 

8 C . 48 .... 16*67 15*85 

2 N . 28 9*72 

12 H . 12 . 4*17 4*21 

18 O. 144 .... 50 00 


■ C 8 N 2 H-Ca 2 0 10 + lOAq. 288 .... 100*00 
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b. Monobasic. — A concentrated mixture of the acid ammonia-salt 
with chloride of calcium immediately deposits a crystalline meal; a 
dilute solution yields in a few days, transparent, shining prisms, which 
have a harsh and bitter taste, effloresce quickly, give off 20*17 p. c. 
(5 At.) water of crystallization over oil of vitriol or at 100°, dissolve in 
20 pts. of water, and are not precipitated from the aqueous solution by 
alcohol. (Schlieper.) 

Dried at 100°. Schlieper. 


CaO. 28 .. .. 15*04 . 15*04 

OWO» . 151 .. 84 30 

C s N 2 H 3 Ca0 10 . 179 . 100*00 

Alloxanate of Magnesia. — Alloxauate of potash and chloride of mag¬ 


nesia mixed in the state of concentrated solution yield, after a while, 
crystalline crusts consisting of silky nodules, and an additional quantity 
may be obtained by evaporating the mother-liquor. They dissolve with 
tolerable facility in water, but sparingly in alcohol, which precipitates 
the aqueous solution. (Schlieper.) 


2 MgO . 

Air -dried crystals. 
. 40 .... 

14*71 .. 

Schlieper. 
... 14*97 

8 C . . 

. . . 48 .... 

17*G5 .. 

... 17*84 

2 N. 

. 28 .... 

10*29 


12 H . . 

. 12 .... 

4 41 ... 

. 4*08 

18 O . 

. 144 ... 

52*94 



C s JN’ 2 H%Ig-0 10 + lOAq. . . 272 100*00 


Allomnate of Manganese. — The solution of carbonate of manganese 
in aqueous alloxanic acid yields crystalline grains by evaporation.— 
When sulphate or acetate of manganese is precipitated by alloxanate of 
potash (if too small a quantity of the potash salt is used, the precipitate 
redissolves on agitation); the copious white flakes thus produced, washed 
out of contact of air, with weak alcohol, as they are somewhat soluble in 
water; and dried quickly at 90° to 100° in a stream of hydrogen, a 
white amorphous powder is obtained, which remains permanent in the 
air even when moistened; whereas the recent and still moist precipitate 
deliquesces to a brown mass when exposed to the air. But even the 
dried powder, which does not alter in the air, is not alloxanate of 
manganese, but perhaps mesoxalate of manganese with alloxanate of 
potash, inasmuch as it contains potash, and when burnt with oxide of 
copper, yields a mixture of 6 vol. carbonic acid gas and 1 yoL nitrogen. 
(Schlieper.) 

Alloxanate of Zinc. — a. Tribasic. — When alloxanic acid in slight 
excess is poured upon recently precipitated carbonate of zinc, the carbonic 
acid is completely expelled, and a soluble monobasic salt is obtained, 
together with an undissolved tribasic salt, provided the acid is not in too 
great excess. — 2. When bibasic alloxanate of potash is mixed with 
sulphate or acetate of zinc, a thick precipitate of tribasic alloxanate of 
zinc is obtained, which increases on addition of a small quantity of 
alcohol, while monobasic alloxanate of potash and sulphate or acetate of 
zinc remain in solution. — [In this reaction, 2 At. bibasic alloxanate of 
potash, with 3 At. sulphate of zinc produce 3 At. sulphate of potash, 

1 At. monobasic alloxanate of potash, and 1 At. tribasic alloxanate of 
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zinc; Schlieper’s calculation, according to which 5 At. bihasic alloxanate 
of potash and 5 At. sulphate of zinc, produce 6 At. sulphate of potash, 

4 At. inonabasic alloxanate of potash, and 2 At. tribasic sulphate of zinc, 
appears to he founded on a mistake.] — The precipitate obtained by (1) 
or (2) exhibits, after washing and drying in vacuo, the appearance of a 
horny, translucent, fissured mass, which may be rubbed to a snow-white 
powder, gives off 21*39 p. c. (8 At.) water at 110°, dissolves slowly in 
water, especially when dry, but readily in aqueous alloxanic acid, in the 
form of monobasic salt. (Schlieper.) =—Warm aqueous alloxan forms 
with oxide of zinc a colourless solution, which becomes turbid on cooling, 
and forms with potash a white precipitate which dissolves with rose-red 
colour in a larger quantity of potash. (Brugnatelli.) 

Dried in vacuo. 

3 ZnO . .... 120*6 36-04 

8 C . 48-0 . 14-34 

2 N . 28*0 8*37 

10 H. 10-0 2*99 

16 O. .. 128 0 38*26 

ZnO,C 8 N 2 H 2 Zn 2 O l0 + 8Aq. 334*6 . 100*00 

b. Monobasic .— Zinc dissolves in the aqueous acid with evolution of 
hydrogen. (Liebig & Wolder.) The solution of carbonate of zinc or of 
the salt a in excess of acid yields by spontaneous evaporation a gummy 
mass in which crusts made up of nodules, soon form and may be freed 
from the viscid mother-liquor by rincing. The crystals have a pure 
sweet taste, without the metallic after-taste of zinc: they dissolve with 
tolerable facility in water, and are precipitated therefrom by alcohol. 
(Schlieper,) 



Dried over oil of vitriol. 

Schlieper. 

ZnO 

. 40*2 

17*69 

17*78 

8 C 

. 48*0 .. 

.. 21-13 

.... 20*64 

2 N . . 

. 28*0 .. 

.. 12-33 


7 H . 

. 7*0 .. 

. 3*08 . 

. 3*56 

13 O. . 

. 104*0 .. 

.. 45*77 



C 8 jN 2 H 3 Za0 10 •+ 4Aq. 227*2 ... 100*00 


Alloxanate of Cadmium. — Cadmium dissolves in the aqueous acid 
with evolution of hydrogen, and forms an acid salt. When a cadmium- 
salt is precipitated, by bibaslc alloxanate of potash, a white precipitate is 
formed containing potash. (Schlieper.) 

Alloxanate of Lead. — a . Tribasic. — The aqueous acid forms with 
subacetate of lead a thick white precipitate, which dries up in vacuo to 
a snow-white nacreous powder, which is insoluble in water, but soluble in 
aqueous alloxanic acid. (Schlieper.) 


Schlieper. 

35*72 

13*80 

3 08 


Dried at 100°. Schlieper, 

3 PbO. 336 . . 70*29 70'58 

8C . 48 .. 10 04 

2 N. 28 5*86 

2 H. 2 . . 0-42 

8 0 64 . 13*39 


PbO, C 8 N 2 H 2 Pb 2 0 10 .... 478 .. 100*00 
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3 PbO . 

Air-dried. 
. 330 . 

68*99 .. 

Schlieper. 
. 09*11 

8 C . 

. 48 ... 

9*86 . 

.... 9*78 

2 N. 

. 28 . .. 

5*75 


3 II. 

.... 3 ,M 

0*01 

0*96 

9 0. 

.. 72 .... 

14*79 



PbO,C 8 xN 2 H 2 Pb 2 O 10 + Aq. 487 .... 100*00 

b. Bibctsic. — Water extracts the monobasic salt c, and leaves the 
bibasic salt in the form of a loose white powder. (Schlieper.) 


Dried at 100°. 


Schlieper. 

2 PbO. 

224 .. 

58*33 

.... 58*44 

8 C . 

48 

12*50 .. 

. 12*76 

2 N. 

, 28 .... 

7*30 


4 H. 

4 . .. 

1*04 .. 

.... 1*28 

10 O . 

. 80 .., 

, 20*83 


C a N 2 H : Pb 2 0 10 + 2Aq. .. 

.. 384 .... 

. 100*00 



Sesquibasic ? — By precipitating aqueous monobasic alloxanate of 
lead with absolute alcohol, a white curdy precipitate is obtained, which, 
so long as it remains moist, deliquesces to a transparent syrup on 
exposure to the air, but dries up in vacuo to a white powder, which is 
resolved by water into the salts 6 and d. It contains 48*41 p. c. oxide 
of lead, but gives off 7’87 p. c. water at 100°, and then contains 52*36 
p. c. oxide of lead. (Schlieper.) 

d. Monobasic. — The solution of recently precipitated carbonate of 
lead in the aqueous acid leaves by spontaneous evaporation a viscid 
syrup, which, after a while yields nodules consisting of silky needles. 
These crystals very slowly give off 6*36 p. c. (2 At.) water at 100°, are 
resolved by alcohol into free acid and the salt c, and dissolve with 
tolerable facility in water. (Schlieper.) 


Air-dried . Schlieper. 


PbO . 

... 112 . 

.. 39*80 . . 

.. 39*74 

8 C . 

. 48 

17*08 ... 

.. 17.10 

2 N . 

. 28 .. 

9*90 


5 H . 

5 . 

1*78 .... 

., 1 80 

11 O . 

, . 88 . 

... 31 32 


C 8 N 2 H 3 PbQ 10 + 2Aq. 

. 281 . 

100*00 



The fresh solution of alloxan in ammonia or potash forms a deep blue precipitate 
with iron-salts. (Brugnatelli.) 


Alloxanate of Cobalt. — The red solution of carbonate of cobalt in the 
acid dries up in vacuo to a viscid mass, which changes in a lew weeks 
into small crystalline nodules. These crystals, after being rinced with 
water and dried, present the appearauce of a rose-coloured crystalline 
meal, which turns violet at 100 , dissolves but partially in water, is 
insoluble in alcohol, and contains 20*56 p, c. CoQ, 22 24 C, and 1*98 H, 
and is therefore a mixture of bibasic and monobasic salt. (Schlieper.) 

Alloxanate of Nickel. — Bibasic .—-The very acid solution of carbonate 
of nickel in the acid leaves in vacuo a viscid non-crystallizing mass; on 
the other hand, alcohol throws down the greater part of it in green 
flakes. These, when washed with water and exposed to the air while 
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still moist, decompose quickly anrl dry up to a green mass; but when 
washed with alcohol and dried in vacuo, they leave a whitish green 
powder, which is permanent in the air, and dissolves, for the most part, 
in water, apparently in the form of tribasic salt, since, when dried at 100°, 
it contains 41‘86 p. c. oxide of nickel. (Scklieper.) 


Dried at 100°. 


2 mo . 75 .. 29*64 

8 C. 48 .... 18*97 

2 N . 28 ... 11*07 

6 H . 6 ... 2*37 

12 O. 96 . 37*95 


Schlieper. 

29*15 

19*67 

2*71 


C 8 N 2 H 2 Ni 2 0 10 + 4 Aq, .. 253 ...100*00 


ATLoxcinafe of Copper. — a. Tribctsic. — The aqueous acid forms with 
an excess of recently precipitated carbonate of copper a dark green acid 
solution, which, when filtered from the excess of carbonate of copper, 
deposits, after a while, the tribasic salt in the form of a powder, which 
has a bluish green colour, even after drying, and is insoluble in water. 

b. Bibasic. — 1 . On evaporating the liquid filtered from a, there is 
obtained a blackish green gum, and but seldom crystals. — 2. If on the 
other hand, the solution filtered from the excess of carbonate of copper 
be mixed immediately with alloxanic acid, till the dark green colour has 
changed to light blue, and till a few drops evaporated on a glass for a 
sample, yield crystals, the mixture, when left to evaporate freely, crys¬ 
tallizes to the la&t drop in blue, shining, crystalline nodules, which become 
green and opaque at 100°, without giving off their water of crystalliza¬ 
tion. They dissolve in 5 or 6 pts. of water, forming a blue liquid which 
becomes green when heated, and is precipitated by alcohol in green flocks, 
but not by alkalis. (Schlieper.) The solution of cupric oxide in aqueous 
alloxan yields a green salt which crystallizes in plumose tufts, and is 
turned blue by ammonia or potash without any precipitation. (Brug- 
natelli.) 


Salt a dried at 100°. 
3 CuO . 

120 

... 44*28 

Schlieper. 
. 44*04 

8 C ... 

48 

17 71 


2 N. 

28 

10*33 


3 H. 

3 

1*11 


9 0 ... 

72 

26*57 


CuO,0WH-Cu=O 10 + Aq.. 

271 

... 100*00 


Salt b dried at 100°. 
2 CuO. 

80 . 

27*21 

Schlieper. 

27*21 

8 C . 

48 . 

.. 16*33 

16*61 

2 N . 

28 . 

.. 9*52 


10 H. 

10 . 
128 

.. 3*40 . 

.. 43*54 


16 0. 


C s N-H 2 Cu 3 O I0 + 8Aq. 

294 . 

. 100*00 



Mercuric Alloxanate . — The solution of mercuric carbonate in alloxanic 
acid (which decomposes very readily when heated, with precipitation of a 
scaly powder consisting of mercurous salt), yields with absolute alcohol a 
powder which is white and loosely coherent when dry, gives off 12*55 
p. c. (6 At.) water at 100°, and is insoluble in water. (Schlieper.) 
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At 100°. 


Schlieper, 


2 ITgO. 

. 200 ... 

58.48 .. . 

... 59*68 

8 C . 

48 ... 

14*04 ... 

.. 13*10 

2 N . 

. . 28 ... 

8*19 


2 H . 

2 ... 

0*58 


8 O . 

. 64 ... 

18*71 


C a N s H 2 Hg 2 0 10 . 

. 342 .... 

100*00 



Alloxanafe of Silver. — a. Bihasic. — Bibasic alloxanate of ammonia 
forms with silver-salts a white precipitate which becomes grey when dry. 
— The precipitate, when heated in the liquid, also turns, first yellow, 
then black by reduction of silver, and gives off carbonic acid, if it con¬ 
tains free ammonia, which first decomposes alloxanic acid into urea and 
mesoxalic acid, whereupon the mesoxalate of silver is resolved by heat 
into silver and carbonic acid. Alloxanic acid precipitates nitrate of 
silver only on addition of ammonia. The white precipitate, when boiled 
with the liquid, merely turns yellow without further decomposition. — 
The dried precipitate exhibits, considerably below a red heat, a decom¬ 
position w T hich spreads through the entire mass, and is attended with 
slight detonation, — and leaves a residue which when further heated, 
gives off a large quantity of cyanic acid, and leaves a residue of silver. 
(Liebig & Wohler.) 

Liebig & Wohler. 


2 AgO . 

... 232 

... 62-03 .. .. 

.... 61*43 

8 C . 

. 48 

. . 12*85 . 

.... 13*07 

2N . 

. 28 . 

. 7*48 ... , 

.... 7*57 

2 H. 

2 . 

. 0-53 .... 

. 0*66 

8 0 . ... 

. 64 

17-11 

17*27 

C 8 N 2 H 2 Ag 2 0 10 . 

.... 374 . 

. 100*00 ... 

.... 100*00 


b. Monobasic? — A solution of silver-oxide in aqueous alloxanic acid 
dries up to a gum when evaporated. (Liebig & Wohler.) 

Alloxanic acid dissolves in 5 to 6 pts. of alcohol; the solution in 
absolute alcohol may be boiled and evaporated without decomposition.-— 
In ether it is less soluble than in alcohol. (Schlieper.) 

It has not been found possible to prepare Alloxanic ether by any process whatever. 
(Schlieper.) 


Appendix to Alloxanic Acid . 

The following acid must, from the mode of its preparation and many statements 
respecting its properties, be regarded as impure alloxanic acid; bat on account of the 
many diversities which it likewise exhibits, it is best treated separately, at least till these 
discrepancies are cleared up. 


Oxuric Acid. 

Vauq,uelin. Mem. du Mus. 7, 253. 

Acide purpurique hlanc . Ac. urique suroxigint. 

Preparation . 1 pt. of uric acid is dissolved in a cold mixture of 

2 pts. (or rather more) nitric acid of 34° Bra. and 2 pts water (the vessel, 
according to Quesneville, being surrounded with ice); the solution satu¬ 
rated with milk of lime; the basic oxurate of lime, which separates from 
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the red mixture in white shining crystals; dissolved in a sufficient quantity 
of dilute acetic acid to neutralize the alkaline reaction; and the liquid 
left to cool till the neutral lime-salt crystallizes. The crystals of the 
lime-salt are dissolved in 24 times their quantity of water; the lime pre¬ 
cipitated therefrom by 30 per cent, of crystallized oxalic acid; the filtrate 
evaporated to dryness; and the acid dissolved out with alcohol; filtered to 
separate a small quantity of oxalate of lime which had remained dis¬ 
solved through the medium of the oxuric acid, and evaporated. — (Ques- 
neville; ( J.Chim. med. 4 , 225; also Pogg. 3 2, 629), precipitates the above 
solution with subacetate of lead, after neutralization with ammonia; 
washes the fine red precipitate with a large quantity of cold water; sus¬ 
pends it in water; and decomposes it with excess of sulphuretted hydrogen 
— because, if too small a quantity be used, the purpuric acid likewise pre¬ 
sent remains undecomposed; — then filters and evaporates,) 

Properties. White crystals having a very acid taste like that of 
oxalic acid; they melt at a gentle heat, and solidify in a brittle gummy 
mass on cooling. 

The lead-salt of this acid contains 75 p. c. lead-oxide and 25 p. c. 
hyp. anhydrous acid; the latter containing 37*34 p. c. C, 16*04 N, 
17*22 [?] H, and 29*34 0. 

Decompositions. Yields by dry distillation, hydrocyanate and car¬ 
bonate of ammonia, empyreumatic oil and charcoal. Does not leave any 
red residue when dissolved in nitric acid and evaporated. 

Combinations . The acid dissolves very readily in water. 

The Alkaline Oxurates are colourless, perfectly neutral, form white 
precipitates with stannous and with lead-salts, and do not precipitate 
nitrate of silver. 

Oocurate of Ammonia. — The acid neutralized with aqueous ammonia, 
yields by evaporation in sunshine, crystals which have an acid reaction 
in consequence of the partial volatilization of the ammonia. 

Oxwrate of Lime. — a. Basic. — Precipitated in the preparation of 
oxuric acid (vid. sup.). Tastes sweet and slightly alkaline. Contains 
27*5 p. c. lime and 31 water; becomes yellowish when dry, and then 
effervesces slightly with acids. Dissolves sparingly in cold, much more 
freely in hot water; but the solution, if saturated at a gentle heat, 
deposits part of the lime at 100°. — b. Neutral —Formed by dissolving 
the salt a in hot dilute nitric acid, till the alkaline reaction is removed, 
and cooling. Neutral colourless crystals permanent in the air, having a 
slightly sweet taste, and containing 12*6 p. c. lime, and 25*5 water. By 
dry distillation, they first yield water, then carbonate of ammonia which 
condenses in needles, and a liquid containing hydrocyanate with a small 
quantity of carbonate of ammonia, and leave a residue of carbonate of 
lime mixed with charcoal. Dissolves in more than 40 pts. of cold water, 
and in a smaller quantity of boiling water, without decomposition, and 
crystallizes out on cooling. 

Oxurate of Lead. — Free oxuric acid does not precipitate neutral 
acetate of lead, but oxurate of lime forms a white precipitate with that 
salt; a large portion of the oxurate of lead, however, remains dis- 
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solved, and separates out partly on heating the liquid, partly on evapo¬ 
rating it nearly to dryness, after which the salt may be washed with 
water. It contains 75 lead oxide and 25 acid. 

Mercurous Oxurate .— Oxuric acid forms a white precipitate with 
mercurous nitrate. 

Oxurate of Silver. — The free acid and its lime-salt do not precipitate 
nitrate of silver if diluted to a certain point. White needles which taste 
like nitrate of silver, and turn red on exposure to light. 

Oxuric acid dissolves readily in alcohol. 


8. Nitrogen'nucleus. C 8 NAd0 8 . 

Alloxan. 

C 8 N 2 H 2 0 8 = C 8 NAd0 6 ,0 2 . 

Gasfard Brugnatelli. Brugn . Giorn . 11, 38 and 117; also Ann. 

Ohim. Phys. 8, 201; also Schw. 2 4, 30S; also N. Tv . 3, 1, 88. 

Prout. Ann. Phil. 14, 3G3. 

Liebig & Woiiler. Ann . Pharm. 26, 256. 

Fritzsciie. J. pr. Ghean. 14, 237. 

Schlieper. Ann Pharm. 55, 253. 

Discovered in 1817 by Brugnatelli, who named it Acido ossieritvico, 
erythric acid; more completely examined by Wohler & Liebig in 1838. 

Formation. In the decomposition of uric acid by nitric acid (Brug¬ 
natelli, Liebig & Wohler), or by chlorine or iodine. (Brugnatelli.) 

Prepa? j ation. 1. Two pts. of a mixture of ordinary and of the 
strongest fuming nitric acid, exhibiting a density of 1*48 to 1*50, are 
placed in a flat basin, and 1 pt. of uric acid added in small portions and with 
constant stirring, each portion being added after the effervescence caused 
by the former portion has subsided and the mixture has become cool. 
The solution, which is now solidified to a white crystalline magma, is left 
to cool completely, and then placed on a brick or on blotting paper 
several times folded; the white powder which remains after 24 hours, 
dissolved in an equal weight of warm water, and the bihydrated alloxan 
left to crystallize from the filtered solution in a warm place. (Liebig & 
Wohler.)—In a cool place, it would yield octohydrated crystals by 
which the purification^ would be rendered more difficult. If weaker 
nitric acid is used, other products are formed together with the alloxan, 
and completely prevent the separation of the latter. (Liebig & Wohler.) 
The alloxan-crystals are often contaminated with a little alloxantin, from 
which they must be freed by solution in a small quantity of cold water 
and filtration. (Liebig.) 

2 . Twelve hundred grains of uric acid are added in successive porr 
tions, and with constant stirring, to 1700 grains of nitric acid of sp. gr. 
1*412 contained in a flat dish (during which process the liquid may be 
allowed to become slightly warm, but too much heat, which would de¬ 
compose the alloxan, must be prevented by cooling the dish in water). 
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-The whole is then left to cool over night; the crystalline magma thrown into 
a funnel plugged with asbestus [or better with coarsely pounded glass]; 
the last portious of the mother-liquor carefully displaced by ice-cold 
water till the liquid which runs through exhibits but a faint acid reaction; 
the crystals dissolved in the smallest possible quantity of water of 50° to 
60°; the solution filtered and cooled till it crystallizes; and a few more 
crystals obtained by evaporating the mother-liquor at 50°. The heat 
must not be allowed to exceed that limit, as in that case, the nitric acid 
still adhering to the crystals would convert a portion of the alloxan into 
alloxantin, and perhaps also into acid oxalate of ammonia. — The mother- 
liquor which remains after the separation of these crystals, together with 
that which has run from the draining funnel, mixed with a threefold 
quantity of water, is treated with sulphuretted hydrogen gas, which pro¬ 
duces alloxantin and a small quantity of dialuric acid; and then exposed 
for some days to evaporation in the air, as long as alloxautin separates 
out (which may be purified by solution in boiling water, filtering from 
sulphur and crystallization), while the mother-liquor still yields a small 
quantity of parabanic acid, less however as the process has been more 
successful. In this manner, 100 parts of uric acid yield 90 pts. of crystals 
of octo-hydrated alloxan, and a quantity of alloxantin corresponding to 
10 pts. of hydrated alloxan. ‘Sometimes 100 pts. of uric acid yield 
altogether 106 to 107 pts. of octo-hydrated alloxan.. Calculation 
(C 10 N 4 H 4 O 6 : C 8 N 2 H 2 O s , 8 Aq = 168 : 214 = 100 : 127*4) gives as the 
maximum 127*4 pts. of octo-hydrated alloxan from 100 pts. of uric acid. 
(Gregory, Ann, Pharm . 83, 335; Phil . Mag . J. 28, 550; also J. p 7 \ 
Chem. 39, 218.) 

Gregory formerly used nitric acid of sp. gr. of 1*30 to 1*35, hut this 
was afterwards declared both by Schlieper and by Gregory himself to be 
less advantageous. Gregory also added uric acid to the nitric acid only 
till crystals of alloxan began to appear in the warm liquid; placed tlie 
crystalline magma which formed on cooling on a funnel stopped with 
asbestus, washed it with a very small quantity of ice-cold water; dis¬ 
solved fresh quantities of uric acid in the mother-liquor which ran off; 
placed the cooled mass in a fresh funnel; and proceeded in the same 
manner several times with the mother-liquor which ran away, till it no 
longer acted upon uric acid even when gently heated. 

Of similar nature is the following method proposed by Schlieper: 

4 oz. of nitric acid of sp. gr. 1*40 to 1*42 are placed in a beaker glass 
surrounded with; cold water; and uric acid added with constant stirring 
and in successive quantities, as much as can be laid on the point of a 
knife, each portion being allowed to dissolve before the next is added, 
and care being taken that the heat evolved, which up to a certain point 
favours the regular decomposition, does not rise above 30° or 35°, as it is 
likely to do, if the portions of uric acid are added too quickly one after 
the other, or if too much is added at once, in which case the alloxan is 
decomposed with evolution of red fumes. As often as crystals of alloxan 
form in the mixture, they are collected on a funnel plugged with 
asbestus, to withdraw them from the further action of the nitric acid, 
whilst the liquid which runs off is again mixed with uric acid, which may 
be added in larger quantities and with less cooling of the vessel, as the 
violence of the action diminishes. In this manner crystals of alloxan are 
repeatedly collected in the funnel, and a thickisli mother-liquor runs 
away, which when exposed to a low temperature for 24 hours, yields a 
fresh quantity of alloxan-crystals to be collected in a funnel. The 
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whole of the alloxan is then placed upon a brick, mixed in a flask 
with half its weight of warm water, heated to 60° or 80°, and filtered; 
the undissolved portion is treated in the same manner. The mixed 
filtrates yield on cooling large crystals of octohydrated alloxan. The 
mother-liquor yields by evaporation at 30°, impure, yellowish alloxan, 
and from the mother-liquor then remaining, parabanic acid may be 
prepared by boiling with a little nitric acid. To obtain in the form of 
alloxantin the alloxan still contained in the thinner mother-liquor run off 
from the asbestus-funnels, this liquid is nearly neutralized with chalk or car¬ 
bonate of soda; | of it saturated with sulphuretted hydrogen gas, whereby 
sulphur and alloxantin are precipitated, and at the same time a certain 
quantity of dialuric acid is produced by the further action of that gas; 
and the remaining -£• of the mother-liquid added, the alloxan of which 
acts upon the dialuric acid in such a manner as to form alloxantin; the 
alloxantin, which is completely precipitated in the course of 24 hours, 
is then collected on a filter, washed with cold water, dissolved in boiling 
water, filtered from the salphur, and left to crystallize. — By this treat¬ 
ment, 100 pts. of uric acid yield 41*7 pts. of pure, 11*7 pts. of yellowish 
octohydrated alloxan, 5*0 pts. of parabanic acid, and 11*7 pis. of al¬ 
loxantin. (Sclilieper.) 

IT DelfFs (J. pr. Ckem. 58, 438) adds uric acid in small portions to 
twice its weight of nitric acid of sp. gr. 1*42, in a capacious platinum 
crucible standing in cold water; the anhydrous [bihydrated] alloxan 
thus obtained amounts to 83 or 85 p. c. of the uric acid consumed. IT. 

3. Into a basin containing 4 oz. of uric acid and 8 o z. of moderately 
strong hydrochloric acid, 6 drams of pure pulverized chlorate of potash 
are added, in the course of half an hour, by successive portions, and with 
constant stirring, whereby a liquid containing alloxantin and urea is 
produced, and, provided the process be carefully conducted, without any 
evolution of carbonic acid or chlorine: the action is attended with rise of 
temperature, which however must not exceed a certain limit. The 
resulting liquid is diluted with twice its bulk of cold water; decanted 
after three hours from the undissolved uric acid; this residue heated to 
50° with a small quantity of strong hydrochloric acid, and another 
2 drams, or less, of chlorate of potash gradually added till the uric acid 
has disappeared. The alloxan contained in the mixture of the two 
solutions is then converted by sulphuretted hydrogen into alloxantin, 
which is collected on the filter together with the sulphur (while a solution 
containing urea runs off); separated from the sulphur by solution in 
boiling water and filtration; and then left to crystallize. To convert the 
2 oz. 7 dr. 20 gr. of alloxantin thus obtained into alloxan, half of it is 
boiled with a double quantity of water, nitric acid being dropt in at the 
same time till an effervescence* of nitric oxide becomes perceptible; the 
liquid kept hot on the water-bath till the effervescence is ended; a 
portion of the seebnd half of the alloxantin then added till a fresh 
portion produces no effervescence; then again a small quantity of nitric 
acid, and so on, till only a small quantity of alloxantin remains in excess, 
and the nitric acid is completely decomposed; the liquid filtered hot; 
and 3 or 4 drops of nitric acid added, to convert the alloxantin com¬ 
pletely into alloxan, whereupon the liquid yields on cooling beautiful 
crystals of alloxan. (Sclilieper.) 

Brugnatelli added nitric acid to uric acid as long as effervescence ensued; decanted 
the liquid from the yellow flakes which were deposited ; left these flakes to drain upon 
bibulous paper; dissolved them in water ; and left the filtrate to crystallize by 
evaporation. 
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To obtain anhydrous alloxan from the hi hydrated or octohydrated 
compound, the latter must be very carefully heated to 100°, in order to 
convert it into the bihydratod compound, and this, or the pulverized 
crystals of the same hydrate, must he heated for some time to 150°—160° 
in a stream of dry hydrogen gas. (Gm.) 

Properties . Alloxan in the pure state is doubtless white; but a 
product formed by the action of heat imparts to it a pale brown-red 
colour. (Gm.) 

The aqueous solution tastes pungent at first, but afterwards sweetish. 
(Brugnatelli.) Its taste is slightly astringent; it reddens litmus; colours 
the skin purple after a while, and imparts to it a peculiar and disgusting 
odour. (Liebig & Wohler.) 

Calculation according to Liebig & Wohler’s analyses of bihydrated alloxan. 


8 C. 

. 48 

33 80 


2 N. 

. 28 . 

... 19*72 


2 H . 

. 2 

.. 1*41 


8 0 

. 64 . 

... 45*07 


C 8 N 3 H 2 0 8 . . .. 

142 . 

.. 100*00 



Liehig & Wohler regarded bihvdrated alloxan (CWH^O 10 ) as the anhydrous 
compound. 

Decompositions. 1. The aqueous solution of alloxan exposed to the 
action of a voltaic current, gives off oxygen gas at the positive pole and 
deposits crystalline crusts of alloxantin at the negative pole. (Liebig & 
Wohler.) It yields oxygen gas at the positive pole, and scarcely any 
hydrogen at the negative pole, but acquires at that part a dark red 
colour. (Brugnatelli.) — 2. Bikydrated alloxan yields by dry distillation 
a peculiar crystalline product. (Liebig & Wohler.) — It acquires a slight 
reddish tinge even at 100° (Liebig & Wohler); and even by exposure to 
the heat of the sun. (Brugnatelli.) This reddish tinge, which inclines to 
brown, increases somewhat at 150°, at which temperature there is like¬ 
wise formed a trace of a white, mealy sublimate red at the bottom. 
The pale red solution of this strongly heated alloxan soon becomes spon¬ 
taneously decolorized, and like the colourless solution of alloxan, yields 
alloxantin with sulphuretted hydrogen. (Gm.) 

3. Hot dilute nitric acid converts alloxan into parabanic acid, with 
evolution of carbonic acid (Liebig &-Wohler); 

C 8 N 2 H 3 0 8 + 20 » C s N 3 H 3 0 6 + 2C0 2 . 

The parabanic acid, when heated for a longer time with nitric acid, is 
converted into carbonic acid and nitrate of urea. Alloxan cannot there¬ 
fore he recovered from its solution in weak nitric acid by evaporation. 
But hihydrated alloxan is scarcely decomposed by heating with strong 
nitric acid. (Schlieper.) Alloxan does not give off nitrous vapours when 
heated with copper and oil of vitriol. (Liebig and Wohler.) 

4. Alloxan dissolves in warm concentrated hydrochloric or in dilute 
sulphuric acid, with continuous effervescence, and with formation of 
alloxantin. The solution when heated for some time, becomes turbid, 
and on cooling deposits shining crystals of alloxantin, while the mother- 
liquor yields by evaporation acid oxalate of ammonia. The first products 
of the reaction are alloxantin, oxalic and oxaluric acid; 
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4C 8 N 2 H 4 0 10 + 4HO - C lf, N 4 H 10 O-° + C*H 2 0 8 + 2C (5 N 2 H 4 0 8 ; 

hydrated 

alloxantin. 

the oxaluric acid is converted by further action of hydrochloric acid into 
oxalic acid and urea: 

C 6 N 2 H 4 0 8 + 2HO = C 4 H 2 0 8 + C 2 N-’H 4 0 3 ; 

and the urea is finally resolved into carbonic acid and ammonia, which 
remains combined with the oxalic acid. (Liebig & Wohler): 

C 2 N 2 H 4 0 2 + 2HO « 2C0 2 + 2NH 3 . 

Liebig ( Ckirn . org. 1, 229) gives the equation: 

2C S N 2 H 4 0 10 + 6HO = C 8 N 5 H 5 0 10 + 3C 2 I10 4 + 2C0 2 + 2NH 3 . 

hydrated oxalic acfd. 
alloxantin. 

[The equation might be however: 

4C 8 N 2 Ii 2 0 8 + 14 HO = C w N 4 II‘0“ + 3C 4 H 2 0 8 + 4C0 2 + 4NH 3 .] 

anhydtous oxalic acid, 
alloxantin. 

The solution rendered turbid by heating for a short time frequently 
does not deposit any crystals of alloxantin on cooling, but only on dilu¬ 
tion with water and standing for some time. 

The hydrochloric acid solution, after being heated for a short time, 
forms with baryta-water a white precipitate (alloxan), but after longer 
heating, continually darker violet precipitates (alloxantin), the colour 
however continually diminishing by longer boiling, a proof that the 
alloxantin is decomposed. The solution then deposits, on cooling, instead 
of alloxantin, a yellow powder which dissolves slowly in water but 
readily in ammonia, whence it is slowly precipitated by acetic acid; its 
composition is C 6 N 2 H 3 0 5 , and it forms yellow crystalline grains with 
ammonia, but when heated with excess of ammonia, is converted into a 
yellowish gelatinous powder, which dissolves slowly in water but readily 
in ammonia, and resembles mycomelate of ammonia (Liebig & Wohler.) 

5. The solution, after boiling for a short time with excess of aqueous 
sulphurous acid, forms a white precipitate with baryta-water, and after 
longer boiling, a violet precipitate, the colour of which however dimi¬ 
nishes continually when the boiling is continued still longer. (Liebig 
& Wohler.) — But when aqueous alloxan is saturated with sulphurous 
acid and evaporated at a gentle heat, the liquid yields on cooling large 
transparent efflorescent tables of a substance, which, when treated with 
ammonia, does not form crystals of tliionurate of ammonia, but solidifies 
with it to a reddish transparent paste. (Liebig & Wohler.) These 
crystals appear to be a compound of 1 At. alloxan with 2 At. sulphurous 
acid; for on adding potash to a mixture of aqueous alloxan, and excess 
of sulphurous acid till a slight alkaline reaction is produced, hard 
shining crystals of a potash-salt are obtained, whose acid is composed of 
1 At. alloxan and 2 At. sulphurous acid. (Gregory, Phil . Mag. J . 24, 
189; also J. pr. Ohem . 32, 280.) 

6. When aqueous sulphurous acid is added to a cold-saturated solu¬ 
tion of alloxan till its excess becomes perceptible by the odour, then 
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ammonia added, and tlie mixture boiled for a short time, a solution of 
thionurate of ammonia is formed, which on cooling crystallizes in shining 
lamina). (Liebig & Wohler): 

C 8 N 2 H 3 0 8 + 3NH 3 + 2SO 2 + 2HO - 2NH 3 ,C S N 3 H 8 0 8 ,2S0 2 + 2Aq. 

7. Aqueous alloxan heated with peroxide of lead forms carbonate 
of lead and urea (Liebig & Wohler): 

C 8 N 2 H 2 O s + 40 + 2H0 = C 2 N 2 H 4 0 2 + 6C0 2 . 

The urea amounts to 38*41 of the bihydrated alloxan. [Calculation gives 37*5 p. c. 
(160 : 60 — 100 : 37*5).] Oxalic acid and a white powder insoluble in water but soluble 
in ammonia, which are also formed in small quantity, must be regarded as unessential. 
(Liebig & Wohler.) 

8. Aqueous alloxan gradually dropt into a boiling solution of neutral 
acetate of lead, forms a precipitate of mesoxalate of lead (ix. 426), which 
is flocculent at first, but afterwards aggregates in the form of a crystalline 
meal, while urea remains dissolved in the liquid: 

G 8 N 2 H 2 O s + 4HO = C c H 2 0 10 + C-N 2 H 4 0 2 . 

But when the acetate of lead is poured into the solution of alloxan, a 
scanty rose-coloured precipitate is obtained, which is greatly increased 
by addition of alcohol, and contains alloxantin and oxalic acid. (Liebig 
& Wohler.) 

9. Aqueous alloxan forms with baryta or lime-water, after a while 
only if the alkali is in insufficient quantity, hut immediately if it is in 
excess, a shining crystalline precipitate of alloxanate of baryta or lime. 
A similar action is produced by strontia-water, and by mixtures of 
chloride of barium, strontium or calcium, or of nitrate of silver, with 
ammonia. (Liebig & Wohler, pp. 158 and 160). When the alkali is in 
excess, urea is found in the filtrate, and the precipitated alloxanate of 
baryta is mixed with mesoxalate. (Schlieper.) — Alloxan boiled with 
aqueous alkalis is resolved into mesoxalic acid and urea (Liebig & 
Wohler): 

C s N-H 2 O s + 4HO = C 6 H 2 0 10 + C 2 N 2 H 4 0 2 . 


10. The solution of alloxan in ammonia, which has a scarcely per¬ 
ceptible reddish tint, turns yellow when gently heated, and solidifies on 
cooling or evaporation, to a yellowish jelly of myconielate of ammonia. 
(Liebig & Wohler; see page 181.) The liquid retains in solution allox¬ 
anate and mesoxalate of ammonia, together with urea (Liebig.) — 
The ammoniacal solution, which is yellow at first, reddpns and ^becomes turbid on 
standing, and deposits yellow flakes which dissolve with red colour in water. (Brugna- 
telli.) — Ammoniacal gas passed at 100° over bihydrated alloxan forms a light brown- 
red mass, which dissolves in water, forming a carmine-coloured solution. (Gm.) 

11. The saturated aqueous solution of alloxan gives off carbonic acid 
when boiled, the evolution of gas continuing for a considerable time, and 
the alloxan being resolved into alloxantin and parabanic acid: 

# [3C 8 N 2 H 2 0 8 = C I6 N 4 H 4 0 14 + C G NTl 2 O f + 2C0 2 .] 

In consequence of the formation of alloxantin, the boiled liquid forms a 
blue precipitate with baryta-water, purpurate of ammonia whim treated 
with carbonate of ammonia, and yields a large quantity of alloxantin- 
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crystals on cooling. (Liebig <fc W(‘liter, Ann. Pharm. 38, 357.)—When 

the alloxan-solution is boiled down, a red substance remains together with the alloxan ; 
this substance forms with water a bright led solution, which in course of time becomes 
decolorized and deposits white Hakes; it is also decolorized by boiling, and gives off 
red vapours [?]. (Brugnatelli.) 

12. Protocliloride of tin, or aqueous hydrochloric acid with zinc or 
sulphuretted hydrogen, converts aqueous alloxan into alloxantin, and the 
two latter reagents then convert the alloxantin into dialuric acid. (Liebig 
& Wohler): 

[First: 2C s N 2 H’-O a + 2 H = C^NWO 11 + 2HO; 
then : C 1G NWO w + 211 = 2C 8 N 2 IW.] 

The chloride of tin immediately throws down crystals of alloxantin. 
When hydrochloric acid is used with zinc, dialuric acid is found in the 
liquid; and if the hydrochloric acid is hot or concentrated, the precipitated 
alloxantin is converted into the yellow shining crystalline powder men¬ 
tioned on page 175. With sulphuretted hydrogen, the liquid first de¬ 
posits sulphur, then crystals of alloxantin, which, especially at a boiling 
heat, is converted hy the further action of the sulphuretted hydrogen, 
into dialuric acid. Aqueous cyanide of potassium likewise precipitates 
dialurate of potash from aqueous alloxan after a few hours. (Liebig* & 
Wohler, Ann. Pharm. 41, 291.) 

13. Aqueous alloxan colours ferrous salts deep indigo-blue, at first 
without precipitation; hut on addition of alkali, a precipitate is immc-' 
diately formed. (Brugnatelli, Liebig & Wohler.)—Aqueous alloxan 
dissolves iron with yellow, red, and blue colour; in either case the 
solution turns blue on addition of an alkali. Protoxide of iron forms a 
yellow solution which turns blue on exposure to the sun and by the 
action of alkalis, but recovers its yellow colour after a while. Sesqui- 
oxide of iron forms a yellow solution which yields a grey precipitate 
with a small quantity of alkali, but redissolvcs in a larger quantity, 
forming a blue solution. These iron-solutions when decomposed by 
the galvanic current, deposit a blue crust at the negative pole. 
(Brugnatelli.) 

14. Bihydrated alloxan struck on the anvil in contact with potas¬ 
sium detonates slightly and with a faint light. (Grin.) 

Combinations. With water. — a. Bihy drated Alloxan. — Crystallizes 
on evaporating a warm aqueous solution of alloxan, in oblique rhombic 
prisms belonging to the oblique prismatic (monoclinometric) system, and 
having the appearance of rhomboidal octohedrons truncated at the sum¬ 
mits (Hausmann). They are large, transparent, and colourless, have a 
glassy lustre, and are permanent in the air. (Liebig & Wohler.) 


Liebig & Wohler. 


8 C. 

2 N. 

4 H . 

10 0. 

. 

. 48 

. 28 

. 4 

. 80 

.... 30*0 .. 

.... 17*5 ... 

.... 2*5 ... 

. .. 50*0 .. 

... 30*41 

. 17*96 

. 2*56 

.... 49*07 

C a N-TP0 10 .... 

Or: 

. 160 

.... 100-0 .. 

. 100*00 

Gm. 

C s N 2 H 2 O s .. 

. 

... 112 . 

• 88*/5 .... 

. 88*65 

2 HO 

. 

. . 18 , 

. .. 11*25 ... 

.* 11*35 * 


0 a N-H 1 O- J + 2Ac I . 169 ...100-00 .... 100 00 


The bibydrated alloxan was heated for two hours to 150®—100 n in a stream of (by 
hydrogen gas. Gm. 

VOL. X. 


X 
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b. Octohydrated Alloxan . — An aqueous solution of alloxan saturated 
■wliile warm yields on cooling, large, transparent, colourless crystals 
"belonging to the right prismatic system, and having a nacreous [vitreous] 
lustre. They effloresce' rapidly in warm air, and give off 2 6 to 27 p. c. 
water, either in a warm or a cold vacuum, or when heated to 100° in 
the air. (Liebig &> Wohler.) 

Liebig & Wohler. Gm. 

C 8 N 2 H 4 0 10 . 160 .... 74-77 . 73*5 74-72 

6 HO . 54 ... 25*23 . . . 26*5 . . . 25*28 

C 8 N-R 2 O s + 8 Aq,. 214 ... 100*00 . 100*0 100*00 

% c. Nonohydrated Alloxan. — A solution of alloxan containing a 
trace of nitric acid, deposited large masses having a rhombedral form 
and scaliform on the sides. They were found by analysis [the details of 
which are not given] to contain C 6 jN 3 H 4 0 10 -f-7Aq. [or C 8 Ni 2 H 2 0 8 +9Aq]. 
After being kept in a bottle for 2 or 3 years, they were found in summer, 

to be partly converted into a liquid and a quantity of crystals. The 

alloxan was then completely decomposed, the products of the decom¬ 
position being: (1), alloxantin; (2), a beautiful, easily crystallizing body, 
different from alloxan and alloxantin, and giving no colour with baryta- 
water; (3), a large quantity of a substance still more soluble and having 
a strong acid reaction. (Gregory, Ann. Pharm . 87, 126.) ^f. 

d. Alloxan dissolves readily and without colour in water. (Brug- 
natelli, Liebig & Wohler.) 

It is insoluble in strong nitric acid, and may be precipitated by that 
acid from its solution in water. (Schlieper.) 

Aqueous alloxan does not decompose carbonate of baryta or car¬ 
bonate of lime ; neither does it act upon oxide of lead, even at a boiling 
heat. 

Alloxan dissolves readily and without colour in alcohol. (Brugnatelli.) 


e. Nitrogen-nucleus. C s NAd 2 H0 4 . 

Uramil. 

C s N 3 H 5 0 6 = C s NAd 2 H0 4 ,0 2 . 

Liebig & Wohler. (1838.) Ann. Pharm. 26, 274; 313 and 323. 

Formation. 1. By boiling an aqueous solution of thionuric acid or 
cf thionurate of ammonia supersaturated with dilute sulphuric or with 
hydrochloric acid, for a short time, till it becomes turbid, and then 
leaving it to cool. . Even when the solution is moderately dilute, it solidifies to a 
crystalline^ magma while yet warm —2. By boiling an aqueous solution of 
alloxantin with hydrochlorate or oxalate of ammonia. 

Preparation. A solution of thionurate of ammonia saturated in the 
cold is heated to the boiling point, hydrochloric acid then added, the 
boiling continued for a few seconds, the liquid left to cool, and the 
needles which slowly separate, washed and dried. 
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Properties. White hard needles having a silky lustre, united in 
plumose tufts and turning red on exposure to the air. 


SC . 

. 48 

.... 33*56 

Liebig & Wohler. 
.. . . 33*29 

3 N . 

. 42 

.. . 29*38 

. 28*91 

5 H . 

. 5 

... ' 3*50 

. 3*77 

6 O . 

. 48 

.... 33*56 

. 34*03 

C 8 N 3 H 5 0 6 . 

. 143 

.... 100*00 

. 100*00 


[Uramil (C 8 N 3 H 5 0 6 ) is to dialuric acid (C 8 N 2 H 4 0 8 ) as oxamide (C 4 N 2 H 4 0 4 ) to 
oxamic acid (C 4 NH 3 0 G ); and similarly* the unknown C 8 NH 3 0 10 would correspond to 
oxalic acid (C 4 H 2 0 8 .)] 

Decompositions. 1. Uramil treated with nitric acid gives off nitric 
oxide gas free from carbonic acid, and forms a solution which is coloured 
purple-red by ammonia, and when evaporated and cooled, solidifies to a 
crystalline magma of alloxan, while nitrate of ammonia remains in the 
mother-liquor. [Perhaps in this manner: 

C 8 N 3 H 5 0 6 + 20 = C 8 N 2 H 2 0 8 + Nil 3 .] 

2. Uramil dissolves quietly in cold oil of vitriol, whence it is preci¬ 
pitated by water as a white powder, while only traces of ammonia remain 
in the liquid. But if the solution in oil of vitriol be diluted with water 
merely till it begins to show turbidity, and the mixture then boiled, with 
renewal of the water, till it is no longer precipitated by a large quantity 
of water, it yields by evaporation crystals of uramilic acid, sulphate of 
ammonia being formed at the same time: 

2C 8 N 3 H 5 0 G + 3H0 = C 16 N 5 H 10 O 15 + NH 3 ]. 

uramilic acid 

[or perhaps : 2C 8 N 3 H 5 0 G 4 2HQ - C 1G N 5 H G 0 14 + NH 3 .] 

uramilic acid. 

When too much sulphuric acid is added, no uramilic acid is obtained; 
but the liquid, after exposure to the air for some time, yields crystals of 
dimorphous alloxantin (or dialuric acid?) 

(C 8 N 3 H s O B + 2HO = C s N 2 H 4 O s + NH 3 ) ? 

3. When mercuric oxide or oxide of silver is added by small portions 
and not in excess, to uramil suspended in boiling water, the metal is 
reduced, but without evolution of gas, and a purple liquid is obtained, 
which on cooling deposits crystals of purpuratc of ammonia, while cither 
alloxan or alloxantin remains in tlie mother-liquor. [Admitting that 
these latter products proceed from oxidation carried too far, and are 
therefore unessential, the equation will be: 

2C 8 N 3 H 5 0 5 + 20 = C 16 N G H s 0 12 -f 2H0.] 

The slightest excess of metallic oxide decolorizes the purple liquid, 
which then contains alloxanate of ammonia. [Perhaps in this manner: 

C 8 N 3 H 5 0 G 4 20 + 2H0 - NH 3 ,C 8 N 2 H 4 0 10 .] 

Purpurate of ammonia is more advantageously obtained by adding am¬ 
monia in small quantities, together with the metallic oxide to the uramil 
while boiling in water. [Perhaps the ammonia prevents the oxidation 
from going too far.] 

N 2 
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4. When a hot dilute solution of potash is saturated with uramil, a 
Gmail quantity of ammonia is evolved, and a pale yellow solution obtained 
•which rapidly absorbs oxygen from the air, acquires a continually deeper 
purple or almost violet colour, and when exposed to the air over night 
deposits a large quantity of shining gold green prisms containing potash 
[purpurate of potash]. The supernatant mother-liquor is neutral, and 
contains either alloxanate or mesoxalate of potash. — [If purpurate of 
potash be regarded as C 1G N 5 H 4 K0 12 , and the alloxanic or mesoxalic acid 
as a secondary product, the equation will be: 

2C 8 N 3 H 5 0 6 4- KO + 20 = C 1G N 3 H 4 K0 12 + NIP + 3HO] 

When a solution of uramil in potash is boiled for some time, a large 
quantity of ammonia is evolved; the quantity of undecoinposed uramil 
which can he precipitated from the filtrate by hydrochloric acid con¬ 
tinually decreases; and the hydrochloric acid filtrate supersaturated with 
ammonia, forms with chloride of calcium a white precipitate, which dis¬ 
solves in a large quantity of water, and resembles uramilate, oxalurate 
or mesoxalate, — or, if the boiling with potash has been long enough con¬ 
tinued,— oxalate of lime. According to Liebig, ( Chivi.^ory . I, 225,) 
uramilic acid is produced in this reaction. 

5. A solution of uramil in ammonia, boiled and evaporated in an 
open vessel, acquires a deep purple-red colour, and yields on cooling 
crystals of purpurate of ammonia: 

[2C S N S H 5 0 6 -f 20 - C 16 N G H S 0 1: + 2H0; 


According to this equation, the ammonia must be regarded merely as a 
solvent of the uramil]. — Liebig & Wohler, on the other hand, give the 
equation: 

2C S N 3 H 5 0 6 + 30 = C l2 N 5 H 6 0 3 + C*NHO* + \ hyp. anhyd alloxanic acid + 3110 

purpurate of 
ammonia. 

A solution of uramil in ammonia mixed with an aqueous solution of 
alloxan, also yields a large quantity of purpurate of ammonia: 

[C s N 3 H 5 0 G + C’NTPO 5 + NH* = C ia N 6 Il p 0 12 + 2110]. 

Gerhardt {Ann. Chim. Phijs . 72, 184), who, with Liebig & Wohler, 
regards purpurate of ammonia as C 12 N 5 H 6 O s , or rather as C 24 N 1! Tl l2 0 ltJ 
gives the equation: 

C'tvTPO 6 + 2C S N 2 H 4 0 10 + 3NH 3 = GWEP-O* 6 + 10HO. 


Combinations. Uramil is insoluble in cold, sparingly soluble in hot 
water, from winch it crystallizes on cooling. 

It dissolves in cold oil of vitriol, whence it is precipitated without 
alteration by water. 

It dissolves without decomposition in cold aqueous ammonia or potash, 
from which it is precipitated by acids. (Liebig & Wohler.) 
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f. Xitroyen-nucltus. C 8 NAclXH 3 0 3 . 

Dilituric Acid. 

C 8 N 3 H 5 0 13 = C 8 NAdXH 8 0® 0 G . 


Sen liever, (1845.) Ann. Pharm. 56, 23. 

When a hot aqueous solution of alloxantin is quickly boiled with 
hydrochloric acid; the mixture of allituric acid and alloxantin which 
precipitates on cooling, treated with nitric acid, to dissolve out the latter; 
the alloxan separated from the nitric acid solution in the form of allox¬ 
antin by sulphuretted hydrogen; and the filtrate mixed with nitric acid,— 
whereby the dialuric acid formed by the sulphuretted hydrogen is con¬ 
verted into parabanic acid,—and evaporated down to ^ of its bulk: 
dilitnrate of ammonia separates in the form of a yellowish white powder, 
which may be purified by recrystallization from hot water, while scarcely 
anything but parabanic acid remains in the liquid. 

Diliturate of ammonia [or the amide] crystallizes in yellow, brightly 
shining lamina*, the colour of which is not removable by animal charcoal, 
but appears to be essential. 

It dissolves in dilute potash (not in concentrated potash-solution, 
because the resulting potash-salt is insoluble in that liquid), with evolu¬ 
tion of ammonia; and acids added to it, throw down the acid potash-salt, 
in the form of a yellowish white powder. 

It is nearly insoluble in cold and but sparingly soluble in hot water; 
insoluble in ammonia; dissolves readily in oil of vitriol, whence it is pre¬ 
cipitated by water undecomposed and with unaltered amount of nitrogen. 
It is neither dissolved nor decomposed by strong nitric acid. 

The so-called Ammonia-salt dried at 100°. Schlieper. 


8 C . 48 .. 25*26 . 25*57 

4 N. 50 . . 29*47 . ... 30*16 

6 II . 6 .. 3*16 . 3*30 

10 O. 80 42*11 .. 40-97 


C s iVlI r '0 lu . 190 . 100-C0 . .. 100 GO 


[If Ibis compound is regarded, not as an ammonia-salt, but as an amide — 
C°N A d 2 XU-O-,0 1 , a -ucw which accords with all its chemical relations, the acid 
contained in it must be CAVH-’O 1 ^ C»NAdXU;‘0 s ,0°. — (CWHTO 10 + 2UO-NH 3 = 
O s N 3 H 5 0 12 ). The analyses of the following salts are calculated according to this 
hypothesis. Schlieper on the contrary, regards the acid, winch lie likewise supposes to 
be bibasic, as C a JN 3 li 3 0 13 , or in the hyp. anhydrous state, C 8 N 3 HO n . — Laurent, 
Compt. rend. 31, 353), gives for the hydrated acid the formula C s N 3 li s O w — 
C a N-XH 5 G 8 .] 

Potash-salt. — a. Neutral . — Obtained by boiling the ammonia-salt with 
dilute potash, till ammonia is no longer evolved, adding alcohol to the 
hot solution till the precipitate begins to become permanent, and leaving 
it to crystallize by cooling. Lemon-yellow, shining, loosely aggregated 
needles. They do not give off water at 100°, but at a highei temperature 
they deflagrate suddenly, with evolution of carbonic and cyanic acids, 
and arc converted into cyanate of potash free from charcoal. [Probably 
th ns: 

CWIi^K-O 1 - - 2C-XKO* + C-MIO- 4- 2CO- + 2HO.] 
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They dissolve pretty readily in water, but are insoluble in alcohol. 

Needles dried at 100°. Schlieper. 


2 KO. 

. 94*4 .... 

35-30 , 

8 C. 

. 48’0 .... 

17*95 

3 N. 

. 42*0 ... 

15*71 

3 H. 

. 3-0 

M2 

10 0. 

. 80 0 . 

29-92 

C s NAdXHK 2 0 3 ,0 G .. 

. 207*4 

... 100*00 


According to Schlieper, the formula is 2KO,C s N 3 HO s + Aq. 

b. Acid-salt. — Obtained by precipitating the aqueous solution of a 
with a stronger acid. Yellowish white powder, which behaves, when 
heated, like the salt a. It dissolves in oil of vitriol, and is precipitated 
therefrom by water without any alteration in the amount of potash. It 
dissolves sparingly in cold, more readily in hot water, whence it crystal¬ 
lizes out on cooling. Contains 21*78 p. c. potash, and is therefore 
KO, C 8 N 3 H0 8 , 2Aq. [The formula C R N 3 H 4 K0 13 requires 20*6 p. c. 
potash.] 

Silver-salt. ■— Nitrate of silver is not precipitated, either by tho 
ammonia or by the acid potash-salt; but the neutral potash immediately 
throws down from it a powder of a bright lemon-colour. This salt deto¬ 
nates when heated almost like a fulminate, and in consequence of the 
scattering which takes place, leaves only 48*76 p. c. silver. (Schliej>cr,) 
[The formula C 8 N 3 H 3 Ag 2 0 13 would require 53*33 per cent.] 


)]. Nitrogen-nucleus. C 8 N 4 H 4 . 

Mycomelic Acid. 

; C 8 N 4 H 5 0 3 . 

Or: C 8 N 4 H 4 0 4 = C 8 N 4 H 4 ,0 4 ? 

Liebig & Wohler. (1838.) Ann. Pharm. 26, 304. 

Formation and Preparation „ Aqueous alloxan assumes a yellow 
colour when gently heated with ammonia, and if the mixture is concen¬ 
trated, deposits mycomelate of ammonia, immediately after the heat has 
been applied, as a heavy brownish yellow powder; but if the mixture is 
dilute, it deposits the salt After a while in the form of a yellowish trans¬ 
parent jelly. — [perhaps in this manner; 

C 8 N 2 H 2 O s + 3NH3-L NH 3 ,C«N { H 5 0 3 + 3HO ; 

or, if perfectly dried mycomelic acid be not C 8 N 4 H 5 0 5 , hut C 8 N 4 Ii 4 0 4 , tho 
equation must be: 

C 3 N 2 H 2 O s + 3NH 3 = NH 3 C 8 NH 4 0 4 + 4110.] 

The acid may be precipitated by sulphuric acid, either from tho hot 
aqueous solution of mycomelate of ammonia obtained as above, or mime-, 
diately from the aqueous solution of alloxan heated with ammonia. 
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Properties. Mycomolic acid recently precipitated is a translucent 
gelatinous substance; but after washing it dries up to a yellow, loosely 
coherent powder, which reddens litmus. 



Dried at 100°. 

Liebig & Wohler. 

Calculation. 

b. 

8 C. 

.... ' 48 . 

.. 32*22 

. 33-13 

8 C . 

, 48 .. 

.. 34*29 

4 N . . .. 

... 56 . 

.. 37*58 

. 38-36 

4 N 

. 56 .. 

.. 40-00 

5 H . 

... 5 . 

.. 3-36 

. 3-57 

4 H. 

„ 4 .. 

.. 2-86 

5 0.. .. 

.... 40 . 

.. 26-84 

. 24-94 

4 0 . 

.. 32 .. 

... 22-83 

C s N 4 H 5 0 5 

.... 149 . 

... 100-00 

. 100-00 

C a N 4 H*0 4 .. 

.. 140 ., 

... 100-00 


Calculation b is founded on the supposition that the sail dried at 120° retains 
I HO, which would escape at a higher temperature. 

The acid dissolved in potash is decomposed on boiling, with evolution 
of ammonia. (Liebig, Ghim. org.) 

Combinations. Myeomelic acid dissolves slowly in cold, readily in 
hot water. 

It decomposes the alkaline carbonates. 

llycomelate of Ammonia .—A solution of alloxan in warm concen* 
trated ammonia, heated till it becomes decolorized, deposits this salt on 
cooling, in the form of a yellowish powder, sometimes flocculent, some¬ 
times granular. 

llycomelate of Silver. — The ammonia-salt throws down from nitrate 
of silver, yellow gummy flakes, which may be heated in the liquid to the 
boiling point without decomposition, turn yellowish brown when washed, 
especially in the dark, and then dry up to hard grey lumps, which yield 
an olive-green powder. The salt when heated, yields a copious subli¬ 
mate of cyanate of ammonia, which changes to urea when dissolved in 
water, and a crystalline substance, having a peculiar odour and red¬ 
dened by the presence of another substance. It is insoluble in water. 
(Liebig & Wohler.) 


8 C . 

.. 48 

.... 19-43 

Liebig & Wohler, 

4 N. 

. 56 

.. . 22-67 


3 H. 

. 3 

... 1-22 


Ag . 

. 108 

.... 43*73 

. 44-39 

4 0 . 

. 32 

. .. 12-95 


CAVfPAgO 1 . 

. 217 

.... 100*00 



Conjugated Compounds allied to the preceding , 

Thionuric Acid, 

C 8 N 3 H 5 0 8 ,2S0 2 = C 8 jSTAd 3 H0 4 ,0 4 + 2S0 2 ? 

Liebig & Wohler. (1838.) Ann . Pharm. 26, 268, 314, and 331. 
Formation , p. 176, 6. 

Preparation of Thionurate of Ammonia, 1. Sulphurous acid is added 
to a cold-saturated aqueous solution of alloxan till its odour is no longer 
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destroyed, tie liquid then immediately supersaturated with ammonia, 
boiled for half an lour, and left, to crystallize by cooling. — 2. Better : 
An aqueous solution of sulphite of ammonia is mixed with excess of eav- 
bouatc of ammonia, then with aqueous alloxan, the mixture kept in 
a state of ebullition for half an hour, and then left to crystallize by 
cooling. 

Preparation of Thionuric Acid. — A solution of thionurate of ammo¬ 
nia in hot water is precipitated by neutral acetate of lead, the preci¬ 
pitate washed, suspended in water, and decomposed by sulphuretted 
hydrogen, ancl the filtrated evaporate at a gentle heat. 

Properties . White mass, consisting of needles; reddens litmus 
strongly; has a very sour taste; permanent in the air. 

The acid mixed with ammonia reproduces the crystals of thionurate 
of ammonia. 


8 C ... 

Calculation of the free acid; 
. . 48 .... 

. 21*52 

8 N... 

.. .... 42 .., 

. 18*84 

5 II ... 

. 5 ... 

. 2*24 

8 0.. 

. 64 

. 28*70 

2 SO 2 

. 64 ... 

. 28*70 


C S N 3 H 5 0 S ,2S0 2 . 223 ... 100*00 

Liebig & Wohler assume, and probably with reason, according to the behaviour of 
the acid and its ammonia-salt in various reactions, that it contains, not sulphuric but 
sulphurous acid. 

Decomposition . The aqueous acid becomes turbid when boiled, and 
solidifies during the ebullition, in consequence of the formation of silky 
needles of uramil, sulphuric acid being set free at the same time ; — 
[Perhaps in this manner : 

C 8 N 3 Ii 5 0 s ,2S0 2 = OTvTPO 5 + 2S0 3 .] 

Combinations. The acid dissolves readily in water. 

The neutral thionurates contain 2 At. base; they yield sulphite of 
potash by fusion with hydrate of potash, and evolve sulphurous acid 
v hen treated with oil of vitriol. 

Thionurate of Ammonia. — For the preparation, rid. sup. — Colourless four¬ 
sided tables and laminm, having a mother-of-pearl lustre when dry. 
They assume a rose colour at 100°, (giving off 6 p. c. or 2 At. water. 
[Liebig, Chim. onj.f) They maybe recrystallized without decomposition 
from water, in which they dissolve very sparingly at ordinary, but very 
readily at, higher temperatures. When fused with hydrate of potash, 
they yield, not sulphate but sulphite of potash. The aqueous solution 
reduces selenium from selenious acid : 

[2NH 3 , C s N 3 H 5 O s ) 2 SO 2 + SeO 2 = C s N 2 H 2 0 8 + 3NII 3 + 2S0 3 + Se]. 

The solution reduces silver from the nitrate in the specular form.—At 
ordinary temperatures, it is not decomposed by an excess of sulphuric 
hydrochloric or nitric acid; but, at a boiling heat, the mixture becomes 
turbid, and solidifies to a magma, consisting of needles of uramil, 
(amounting to 47*05 p. c.), and the filtrate, which contains the liberated 
sulphuric acid, precipitates chloride of barium. — On evaporating the 
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cold-saturated aqueous solution of tLe salt with a small quantity of sul¬ 
phuric acid, at a gentle heat, a large quantity of fine white needles is 
obtained, consisting of acid thionuratc of ammonia; with a large quantity 
of sulphuric acid, uramil is obtained, and changes to uramilic acid, and 
with a still larger quantity of sulphuric acid, the latter is converted into 
dimorphous alloxantin [or dialuric acid]. — (Acid thionuratc of ammonia 
is obtained, when the aqueous solution of 1 At. of the neutral salt is 
evaporated at a gentle heat with 1 At. hydrochloric acid, in the form of 
white crusts composed of small crystals.) (Gregory, Phil. Mag. J . 24, 
180.) 

Crystallized. Liebig & "Wohler. 


0 V/. 

5 N. 

. 70 . 

1 / -dtO 

25*45 . 

. 10 

.. . 26-10 

13 H . 

. 13 . 

.. 4 73 . 

... . 4-88 

8 0 . 

64 . 

.. 23 27 . 

... 22-47 

2 SO 3 . . 

.. 80 

... 29*10 . 

. 28*53 

2N H 3 ,C S N 3 R 5 0 s ,2S0 3 + 2Aq. .. 

.. 275 . 

... 100-00 .. 

. 100-00 


Thionuratc of Baryta. — The ammoniacal salt throws down from 
chloride of barium, translucent, gelatinous flakes, which, after a while, 
become opaque and crystalline, dissolve readily in hydrochloric acid, 
and when boiled with nitric .acid, yield sulphate of baryta, but no free 
sulphuric acid. 

Thionurate of Lime. — A warm aqueous mixture of thionurate of 
ammonia and nitrate of lime deposits short silky needles, containing 
10*5 p. c. (2 At.) lime. 

Thionurate of Zinc. — An aqueous mixture of the ammonia salt with 
a zinc-salt, soon deposits thionurate of zinc in small, lemon-yellow, 
sparingly soluble, crystalline nodules. 

Thionurate of Lend. — The hot solution of thionurate of ammonia 
forms, with neutral acetate of lead, translucent gelatinous flakes, which 
on cooling change to white or rose-coloured slender needles, united in 
tufts. The salt yields by distillation, urea, and a peculiar product which 
crystallizes in large lamina). Its solution in hot nitric acid, the forma¬ 
tion of which is attended with effervescence, deposits sulphate of lead, 


neither lead nor sulphuric remaining 

in the filtrate. 

It dissolves in dilute 

hydrochloric acid. 

2 PbO . 

224 . 

.. 50-11 

Liebig & Wohler. 

8 C . 

48 . 

. 10-74 

. 10-95 

3 N . 

42 . 

.. 9-40 

. 9*51 

5 11 . 

5 . 

1 11 

. 1*04 

8 O . 

64 . 

. 10-74 


2 SO 2 ... 

G4 . 

.. 17*90 


C s N 3 HWO s ,2SO- + 2 Aq. 

, 447 . 

... 100-00 



Thionurate of Copper. — The ammonia-salt forms, with sulphate of 
copper, a light brownish yellow precipitate, which is doubtless a cuprous 
salt. When heated, it dissolves with brownish yellow colour in the 
liquid, and separates again on cooling in the auio'plious state. (Liebig & 
Wohler.) ' ' 
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Alloxantin. 

C 16 N 4 H 4 0 14 = C K X"-Ad?0'\0\ 

Liebig & Wohxeh. (1838.) Ann. JPluirm. 26, 262 and 309. 

Fkitzsciie. Bull, sclent, de I’Acad. de Petersh. 4, 81; also J, pr. Chem. 
14, 237. 

JJroxin (Fritzsche), Alloxantine . 

Formation, L By the action of warm dilute nitric acid upon uric 
acid. — 2. By heating alloxan for a short time with dilute sulphuric 
acid, or boiling it for a long time with water, or by treating the aqueous 
solution of alloxan with sulphuretted hydrogen, or with hydrochloric 
acid and zinc, or with protocliloride of tin. — 3. By boiling uramil with 
dilute sulphuric or hydrochloric acid. — 4. By heating thionurate of 
ammonia with a larger quantity of dilute sulphuric acid. (Liebig <& 
Wohler.) — 5. Apparently also in the decomposition of caffein by chlo¬ 
rine. (Bochleder, vid. Caffein.) 

Preparation, 1. Dry uric acid is added to warm, and very dilute 
nitric acid, till the resulting colourless or pale yellow liquid no longer 
acts upon it; the solution gently evaporated till it assumes an onion-red 
colour; then cooled; and the crystals purified by recrystallization from 
hot water. (Liebig & Wohler.) — Or dilute nitric acid is gradually added 
to 1 pt. of uric acid in 32 pts. of water, till all the uric acid is dissolved; 
the solution then evaporated down to two-thirds; and the crystals which 
separate after a few days, purified by recrystallization. (Liebig.) A 
similar mode of preparation, which, however, yields a quantity of 
alloxantin amounting only to 10 p. c. of the uric acid, is described by 
Fritzsche. 

2. Sulphuretted hydrogen is passed through an aqueous solution of 
alloxan; the resulting magma heated till the alloxantin dissolves; then 
filtered from the precipitated sulphur; and the filtrate left to crystallize. 
(Liebig & Wohler.) 

3. A solution of alloxan in dilute sulphuric acid is heated for a few 
minutes, whereby it becomes turbid, and yields crystals of alloxantin on 
cooling. (Liebig & Wohler.) 

4. Alloxantin is likewise obtained as a secondary product in the 
preparation of alloxan by Gregory’s process (p. 171); also in Schlicper’s 
method of preparing alloxan with nitric acid or chlorate of potash 
(p. 172.) 

5. When dialurate of ammonia is evaporated at a gentle heat with a 
large excess of dilute sulphuric acid, and the solution left to stand for 
some time, dimorphous alloxantin crystallizes out, differing from ordinary 
alloxantin by its peculiar crystalline form, but exhibiting the same 
composition, (Liebig and Wohler.) This product is crystallized dialuric 
acid converted into alloxantin by the action of the air. (Gregory.) 

The crystals of alloxantin obtained by either of these processes are 
freed from their water of crystallization by beating them to 150°. (Lielm** 
& Wohler.) ° 

Of the properties of anhydrous alloxantin, nothing is known fvid 
Hydrated Alloxantin.) ^ ’ 
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Calculation of Anhydrous Alloxantin. 


1G C . 

. 9G .... 

.... 35*82 

4 N . 

. 56 .. 

.. 20-89 

4 H . 

. 4 ... 

1-50 

14 0 . 

. 112 .. 

. .. 41-79 


CWO 14 . 208 . 100-00 


[Alloxantin may be regarded as a conjugated compound of alloxan and dialuric acid: 
C 8 N 2 H 2 0 8 + CPNW = C 1G N 4 H 4 O n + 2HO.] 

Decompositions. 1 . Alloxantin yields by dry distillation a peculiar 
crystalline product. (Liebig & Wohler.) 

2. When heated in chlorine-water it is converted into alloxan. Also, 
with slight effervescence, when diffused in boiling water and mixed with 
a small quantity of nitric acid, the alloxan separating from the liquid 
after evaporation to a syrup. (Liebig and Wohler.) The hot solution of 
alloxantin is likewise converted into alloxan by sclenious acid, with 
precipitation of selenium (Liebig & Wohler): 

[C lc N 4 H*O u r 20 = 2C 8 N 2 II 2 0 8 .] 


3. A solution of alloxantin in aqueous hydrochloric acid rapidly 
boiled down to a small quantity, deposits on cooling, a white powder of 
allituric acid (ix. 443), together with unaltered alloxantin. (Schliopor.) 

[With evolution of carbonic acid ?] 

4. Aqueous alloxantin reduces mercuric oxide witli evolution of gas, 
and appears to form a solution of mercurous alloxauate. (Liebig & 
Wohler; Liebig, (Jhim. ory.). — When aqueous alloxantin is heated witli 
oxide of silver, silver is reduced, with effervescence and formation of 
oxalurate of silver, which remains in solution (Liebig): 

[C 1G N 4 H 4 0 14 + 8AgO f 2HO = 2C c N 2 H 3 AgO s + 4C0 2 + 6Ag.] 

From a solution of nitrate of silver, aqueous alloxation immediately 
throws down black metallic silver, after which the filtrate yields a white 
precipitate with baryta-water. (Liebig & Wohler). — Alloxantin is de¬ 
composed by peroxide of lead, like alloxan. (Liebig & Wohler). 

5. Aqueous alloxantin forms with baryta-water a thick violet preci¬ 
pitate, and when the mixture is heated, ultimately yields alloxauate and 
dialurate of baryta. (Liebig & Wolder.) 

[CWILO 11 + 3BaO + HO = C 8 N 2 H 2 Ba 2 O w + C 8 N 2 H 3 Ba0 8 . 

[Does the violet colour which the precipitate at first exhibits ari&e fiom basic purpuratc 
of baryta?] — The violet precipitate, when boiled, first turns white and 
then disappears. When baryta-water is gradually dropt into a solution 
of alloxantin in boiling water free from air, each drop produces a deep 
violet precipitate which redissolves without colour; as tho quantity of 
baryta-water is further increased, the liquid suddenly becomes turbid 
and deposits dialurate of baryta in the form of a reddish-white powder; 
and after this powder has been completely precipitated by baryta-water, 
a still further quantity of that reagent produces a white precipitate of 
alloxauate of baryta, part of which remains in solution together with a 
small quantity of urea. (Liebig & Wohler.) 

6. Aqueous solutions of alloxantin and sal-ammoniac thoroughly 
freed from air by boiling, immediately form a purple-red mixture which 
soon becomes paler in colour and deposits colourless or reddish shining 
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scales of uramil (p. 178), -vvlaile alloxan and hydrochloric acid remain in 
solution (Liebig & Wohler): 

[C M U 4 U J 0 M + NH J C1 = C s N 3 II 5 0° + CTST-TPO 3 + ITCl.] 
uramil. 

Oilier ammoniacal salts, as tlie oxalate and acetate, behave with allox¬ 
antin in the same manner as sal-ammoniac, excepting that the precipitate 
lias a deeper red colour, and is thicker and less crystalline. (Liebig & 
W elder.) 

7. When free ammonia comes in contact with alloxantin, 2 At. of it 
enter into combination, forming purpurate of ammonia (Gin.); 

[C M N 4 I1 4 0 14 + 2NH 3 = C 1G iS n II s 0 12 + 2HO]. 

When dry ammoniacal gas is passed over finely pounded alloxantin, 
that substance turns red at the ordinary temperature, and at 100°, <jives 
off water, and is completely converted into a deep brown-red powder of 
purpurate of ammonia. (Gm.). — To render the decomposition as com¬ 
plete as possible, the mass must he taken out a few times, finely tritu¬ 
rated again, and the ammoniacal gas allowed to act upon it for several 
hours. (Gm ) 

[The conflicting results obtained by Liebig & Wohler and by Tritzsche respecting 
purpurate of ammonia, alloxantin, and the allied compounds, induced me to attempt to 
bring them into accordance with one another and with the nucleus-theory, and to dis¬ 
cover formulas differing as little as possible from the analyses of those distinguished 
investigators, and affording at the same time a complete explanation of the remarkable 
decompositions of those compounds. But the foimulse which I found to be the most 
probable required that alloxantin should be completely converted by ammonia into 
purpurate of ammonia. It is true that those chemists had already observed the red 
tmt of the ammoniacal solution of alloxantin, but they had by no means regarded it as 
the essential circumstance; on the other hand, it was stated by Liebig & Wflkler, as well 
as by Gregory, that to insure an abundant formation of purpuiate of ammonia, a large 
quantity of alloxan must be present as well as alloxantin and aqueous ammonia. It 
must however be observed that an excess of aqueous ammonia quickly decolorizes 
purpurate of ammonia, and that the alloxan may serve to convert the uramil produced 
at the same time into purpurate of ammonia (p. 189, S), and also to transform the excess 
of ammonia into alloxanate of ammonia, and thereby weaken its decomposing influence. 
The above-described experiment with pulverized alloxantin and ammoniacal gas, appears 
therefore to be decisive. The law’s of the nucleus-theory, which guided me in these 
investigations, led me also to suspect that alloxan, pi eviously supposed to be C s NTI l 0 1!) , 
really contained 2HO more, an idea which was confirmed by experiment. — My best 
thanks are due to Dr. v. Weltzien for the very pure alloxan and alloxantin with which 
he supplied me for this research]. 

Alloxantin turns red on exposure to air containing ammonia. Its 
hot aqueous solution is coloured purple-red by ammonia, but becomes 
colourless again when further heated, or when left for some time in the 
cold. (Liebig &> Wohler.) 

When moistened alloxantin is introduced into a tube containing air 
and standing over mercury, and a few drops of ammonia passed up, the 
alloxantin immediately acquires a deep purple colour from the action of 
the rising ammoniacal gas, and absorbs a larger quantity of oxygen, but 
its colour is immediately afterwards diminished by the excess of am¬ 
monia. (Fritzsche.) [This copious absorption of oxygen I did not observe; at all 
events the preceding observations show that it is not necessary to the formation of 
purpurate of ammonia.] 

Aqueous alloxantin turns red when heated with acetate of ammonia, 
but not with nitrate; but when evaporated with the latter, it leaves a 
pmqde residue. (Gm.) 
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When nitric acid is gradually added to a hot aqueous solution of 
alloxantin, and samples of the liquid gently heated with ammonia, the 
ammonia produces, as the quantity of nitric acid, and consequently of 
alloxan, increases, a continually deeper purple colour; but when sufficient 
nitric acid has been added to convert the alloxantin completely into 
alloxan, the reddening with ammonia ceases. (Liebig & Wohler.) — 
[This is peihaps explained by the preceding observations.] 

8. The solution of alloxantin in thoroughly boiled water, mixed 
witli ammonia and boiled till the purple colour has completely disap¬ 
peared, yields chamois-coloured crystalline crusts of uramil; the yellow 
mother-liquor becomes purple on exposure to the air, deposits crystals of 
purpnrate of ammonia, and ultimately coagulates to a jelly of myco- 
melate of ammonia. (Liebig & Wohler.)—In this reaction as in that 
witli sal-ammoniac, nramil and alloxan are first produced, and these by 
their mutual action, with the aid of ammonia and the air, form purpnrate 
of ammonia; moreover the alloxan with ammonia forms mycomelate of 
ammonia. (Liebig & Wohler.) — [Or rather: 

C 16 N»I1*0 14 + 4NI1 3 = C R IvIl''O r> + NII 3 ,OWH‘O l + 4KO. 

Part of the uramil which remains dissolved in the ammonia is at the 
same time converted by the oxygen of the air into purpnrate of am¬ 
monia.]— When alloxantin dissolved in aqueous ammonia and boiled 
till it loses its colour is cooled to 70°, every drop of aqueous alloxan 
added to the liquid produces a deep purple colour, and the solution 
then deposits a few crystals of purpnrate of ammonia, together with 
flakes of uramil (Liebig & Wohler): 

C«N-H«O w + C 8 N-fI f 0 10 + 3NI1 3 = C'-IPRHV + NH 3 ,C I NilO J + 8IIO. 

alloxantin. alloxan. purp urate of At. alloxanate 

ammonia. of ammonia. 

(Liebig & Wohler.) — [Or perhaps, as uramil was found by Liebig & 
Welder to he present in the boiled amuioniacal solution of alloxantin: 

C*N 3 H*0« + C s N-H 2 O s + NIP - C in N°ir*0 13 + 2HO.] 
uraiJiil. alloxan. 


9. When a solution of alloxantin in ammonia is repeatedly evapo¬ 
rated at a gentle heat in an open vessel, and each time rctlissolvod 
iu ammonia, it finally leaves pure oxalurate of ammonia (Liebig Sc 
Wohler); 

3CWH 3 0 10 + GNIP + 7110 = 4(Nll 3 ,C fi N 2 II 1 O s ) + 5110. 

(Liebig & Wohler.) — [Should not oilier products be formed at the same time?] 

10. Alloxantin dissolved in water is decomposed by long keeping, 
even out of contact of air, and loses its characteristic properties. 
(Fritzsche.) It becomes in fact sour; forms with baryta water, no longer 
a violet but a white precipitate; and leaves when evaporated crystals 
having the appearance of alloxanic acid. (Gregory, Fhil. Mag. J. 
24, 190.) 

11. Sulphuretted hydrogen joassed through a solution of alloxantin 
in boiling water yields a precipitate of sulphur, and converts the allox¬ 
antin into dialuric acid (Liebig & Welder): 

[C^NTO 1 + 2HS + 2H0 - 2CLNWCP + 2S]. 



190 


BUTYLENE: NITROGEN-NUCLEI. 


Combinations. With, water: 

a. Hydrated Alloxantin. — Obtained by crystallization from water. 
Transparent, colourless or yellowish, oblique rhombic prisms, hard but 
very friable. The angle of the obtuse lateral edge is, in ordinary allox¬ 
antin = 105°; in dimorphous alloxantin —121°. Alloxantin reddens 
litmus, even after being crystallized six times from water. It turns red 
by exposure to air containing ammonia. (Liebig & Wohler.) 


Crystals. 

16 C . 96 .. 

4 N . 56 .. 

10 H. 10 .. 

20 0. 160 

.. 29-81 . 
.. 17*39 

.. 3*11 

49 69 

Liebig 
& Wohler. 

. 30*52 .... 

. 17*66 .... 

. 3*15 .... 

. 48*67 .... 

Fritzsche. 

.... 30*06 

.... 17*52 

.... 3*04 

.... 49*38 

C 1G N*H 4 0 14 + 6Aq. 322 .. 

... 100*00 

. 100*00 ... 

.. 100*00 

Or: 


Liebi 

ig & Wohler. 

C 1G N 4 H 4 O n ... 

. 26*8 .. 

.. 83*23 . 

84*6 

6 HO . 

.. 54 .. 

.. 16*77 . 

15*4 

C 1G N 4 H i 0 14 + GAq. . 

.... 322 .. 

.. 100*00 . 

100*0 


The crystals give off nothing at 100°, but at 300° (at 150° according 
to Liebig, Chun, org.) they give off 15'4 p. c. (Liebig & Wohler.) 

b. The crystals dissolve very sparingly in cold water, more abun¬ 
dantly, but still slowly in boiling water, from which solution the allox¬ 
antin separates almost completely on cooling. (Liebig <& Wohler.) 


Uramilic Acid. 

C 16 N 5 H 9 0 14 ? = C 16 N 2 Ad 3 H 3 0 s ,0 6 ? 

Liebig & Wohler. (1S3S.) Ann . Tharm. 26, 314. 

Formation and Preparation. 1 . Water is added to a solution of 
nrnmil in cold oil of vitriol, till it begins to become turbid; the liquid 
boiled with frequent renewal of the water, till it no longer forms a pre¬ 
cipitate with water, and evaporated to the crystallizing point (p. 179, 2). 
— 2. A cold-saturated aqueous solution of thionuratc of ammonia is 
evaporated at a gentle heat with a small quantity of sulphuric acid. The 
uramil which separates from the thionuratc of ammonia is then gradually 
converted by the free sulphuric acid into uramilic acid; and this compound 
crystallizes after 24 hours from the evaporated liquid, which turns yellow 
during the evaporation. 

If the quantity of sulphuric acid he too small, the mixture yields 
crystalline flakes of acid thionurate of ammonia instead of uramilic acid; 
but on dissolving these in water, and evaporating with fresh sulphuric 
acid, uramilic acid is obtained in the purest state.-—If too much sul¬ 
phuric acid be used, no uramilic acid is obtained, but after exposure to 
the air for some time, crystals of dimorphus alloxantin [or dialurie acid 3] 
separate out. — The sulphuric acid liquid, when evaporated, sometimes 
yields, before the uramilic acid, sparingly soluble white grains whose 

solution forms a white precipitate with baryta-water. [Can this also be 
dialurie acid ?] 
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properties. Transparent, colourless, four-sided prisms, having a 
strong vitreous lustre, and by rapid crystallization, needles having a silky 
lustre. They redden litmus slightly, and turn red at 100°, without 
diminishing in weight. 


Crystals. Liebig & Wohler. Anhydrous ? 


1G C. 

. 96* . 

. . 32*43 .... 

. ... 32-09 

16 C. 

.. 96 . 

... 33*45 

5 N ... 

70 . 

... 23*65 . 

.. .. 23*23 

5 N t . 

.. 70 . 

... 24*39 

10 H ... 

.... 10 . 

... 3*38 ... 

.... 3-59 

9 H. 

.. 9 . 

.. 3*14 

15 0 . 

... 120 . 

... 40.54 .. 

. 41*09 

14 0. 

.. 112 . 

... 39*02 

C 16 N 5 H 10 O 15 296 . 

... 100*00 ... 

. 100*00 

C M N 5 H°0 M .. 

.. 287 . 

... 100*00 


[L ; ebig & Wohler regarded the crystals as anhydrous uramilic acid and remark that 
they assume a rose-colour when dried by heat, but do not sustain any perceptible loss 
of weight. But as they do not state the temperature at which the crystals were dried, 
it is possible that these crystals may still contain 1 At. water, and that uramilic acid 
dried at a higher temperature may be C 16 N 3 H 9 0 M . The calculation headed Anhydrous 
in the preceding table is founded on this supposition.] 

Decompositions. 1. Uramilic acid dissolves in cold nitric acid without 
evolution of gas; but when boiled with strong nitric acid, it gives off 
nitrous fumes, and yields by evaporation, a yellow liquid which on cool¬ 
ing, deposits a large quantity of white crystalline scales. These scales 
dissolve in hot water, from which they crystallize out on cooling, arid 
in potash-solution with yellow colour, and are precipitated therefrom by 
acetic acid in the form of a white powder. — 2. Uramilic acid continuously 
boiled with hydrochloric or dilute sulphuric acid, forms a liquid which 
gives a violet precipitate (of alloxantin) with baryta-water, and on cooling 
deposits crystals of dimorphous alloxantin. [It appears certain from 
Gregory’s experiments that dialuric acid is here produced, and is partially 
converted into alloxantin by the action of the air. 

C 1C N 5 H 9 0 U + 2H0 4 = 2C 8 N 2 H 4 O s + NH 3 .] 

Combinations. The acid dissolves in 6 or 8 pts. of cold and in 3 pts. 
of hot water. 

It dissolves in oil of vitriol without blackening or evolution of gas. 

With the more soluble alkalis, it forms crystallizable salts which are 
precipitated by acetic acid. 

With baryta or lime salts it produces, on addition of ammonia, a thick 
white precipitate soluble in a large quantity of water. 

With nitrate of silver it forms, on addition of ammonia, a thick white 
precipitate containing about 63*9 to 64*3 p. c. silver. (Liebig <fe Wohler.) 
[This is about 4 At. silver to 1 At. acid = 2AgO, C lc N fl H 7 Ag 2 O u ]. 


Purpuric Acid. 

C 16 N 5 H 6 0 12 = C ls N 4 AdH 3 0 8 j0‘? 

SciIEELE, Opusc. 2, 74. 

Bergman. Opusc. 4, 390. 

Pearson. Scha\ J. 1, 48. 

Retnecke. Crell. Ann. 1800, 2, 94. 

W. Henry. Ann. Phil , 2, 57. 
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Vauqueltn. J. Phys. 88, 458. — Mem. du Mvs. 7, 253. 

Prout. Ann. Ghim. Phys. 11, 48. — Ann. Phil . 14, 3G3. — Land. Med. 

Gazette , 1831, June; also Froriep's Kotizen , 32, 23. 

Kod weiss. Pogg. 19, 12. 

Liebig & Wohler. Ann . Pltarm . 2G, 319. 

Fritzsche. /. pr, Chem. 16*, 380; 17, 42. 

Purpuniiure, Acutepiirpurique. — Seheele, in 1776, showed that the solu¬ 
tion of uric acid in nitric acid reddens the skin, and leaves a deep red 
residue when evaporated. Prout, in 1818, obtained the colouring prin¬ 
ciple of this solution in the form of a crystalline substance, which he 
regarded as purpurate of ammonia, and from which he succeeded in pre¬ 
paring several other red purpurates by double decomposition. But he erred 
in regarding the colourless substance, murexan, separated from purpurate 
of ammonia by sulphuric acid, as pure purpuric acid, inasmuch as Liebig & 
Wohler afterwards showed that further decomposition takes place in this 
process, and that murexan no longer forms red salts with bases. On the 
other hand, the view to which these chemists give the preference, that 
Prout 1 s purpurate of ammonia is not a common ammoniacal salt, but an 
amide, to which they give the name Murexid , does not appear to be well 
founded; since this body gives off ammonia, even when treated with 
cold potash, and moreover the other purpurates exhibit equally con¬ 
spicuous colours. 

Purpuric acid is not known in the free state, hut only in its salts, in 
the decomposition of which by stronger acids, the separated purpuric 
acid is resolved into other products, the principal of which is murexan. 

Probable Calculation of Purpuric Acid. 


16 C . 

. ... 96 

35-96 

5 N . 

.. 70 . 

. 26*22 

5 H . 

. 5 . 

. 1 87 

12 0. 

.96 . 

.. 35-95 

C 10 N 5 H 5 O 13 . 

. 267 . 

100*00 


The formula of the normal purpimdes is C 16 N 5 H 4 M0 12 (according to 
Fritzsche, C TC N 5 H 4 MO n ); these salts are distinguished by a splendid 
purple colour, and the light reflected from some of their crystalline faces 
exhibits the metallic yellowish green colour of the golden beetle. Some 
of the basic purpurates are indigo or violet coloured. 

Purpurate of Ammonia. — Liebig & Wohler’s Murexid. — Formation . — 
By beating dialurate of ammonia (p. 157); by the action of the galvanic 
current upon aqueous alloxan (p. 174); by the oxidation of uramil by 
oxide of silver or mercuric oxide (p. 179); by the oxidation of uramil 
dissolved in ammonia on exposure to the air; by mixing uramil dissolved 
in aqueous ammonia with alloxan (p. ISO); by the action of ammonia 
upon alloxantin (p. 189); by exposing an ammoniacal solution of murexan 
to the air (p. 204). 

A solution of uric acid in dilute nitric acid, since it contains alloxan 
and alloxantin,^ likewise yields purpurate of ammonia on addition of 
ammonia (Liebig & Wohler). [As this solution likewise contains nitrate 
of ammonia, and since a solution of alloxantin evaporated with this salt 
leaves a purple stain, we have an explanation of the purple residue which 
remains when the uric acid solution is evaporated in a capsule, and like- 
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wise of tlie purple stain wliicli it produces on the skin after a while, 
inasmuch as the skin already contains ammoniacal salts. — The reddening 
of the skin produced by an aqueous solution of alloxan is perhaps due to 
a transformation of the alloxan into alloxantin by the hydrogenizing 
action of the skin. 

Even when uric acid is decomposed by aqueous chlorine or iodine 
instead of nitric acid, the solution, probably because it likewise contains 
alloxantin, exhibits the purple colour on evaporation or on addition of 
ammonia. 

In the preparation of cuprocyanide of barium from aqueous hydro¬ 
cyanic acid, baryta, and carbonate of copper (viii. 7), the red solution, 
when left to evaporate, often yielded crystals having the colour of the 
wings of cantharides; the same liquid also gave with dilute hydrochloric 
acid, a dark violet precipitate of purpurate of copper, the formation of 
which was attended with evolution of hydrocyanic acid (Meillet, N. J. 
Pharm. 3, 445). [If murexid or any other compound of purpuric acid 
is really produced in this reaction, such a mode of formation may per¬ 
haps be explained by the following somewhat complicated equation, 
which however presupposes access of air and simultaneous formation 
of urea: 


2GC 2 NH + SBaQ 4- IGCuO + 20 = 8(C 2 NBa,C-NCu 2 ) + C v N G II*O u + 

2C £ N-ID0* J t 101IO. 

Preparation. A. From Uric acid and Nitric acid -It is essential 

that the nitric acid solution contain in addition to alloxan an excess of 
alloxantin. (Liebig & Wohler.) — 1. Uric acid is dissolved in dilute nitric 
acid, the liquid neutralized with ammonia, and slowly evaporated, where¬ 
upon it assumes a continually deeper red colour, and deposits dark red 
crystalline grains of purpurate of ammonia. (Prout.) 

2. A perfectly saturated solution of uric acid in dilute nitric acid is 
evaporated; the large colourless crystals of alloxan [containing allox¬ 
antin ?] which form on cooling, dissolved in boiling Water,* ammonia 
added to the boiling hot liquid, just to the point at which it produces a 
deep red colour (with too little or too much ammonia the process fails); 
and the purpurate of ammonia left to crystallize by cooling. (Prout.) 

3. Nitric acid, diluted with half its quantity of water, is added to a 
mixture of 1 pt. uric acid and 10 pts. water contained in a capacious 
vessel, till only a small quantity of uric acid remains imdissolved; the 
yellowish filtrate (which does not turn red on addition of ammonia, 
unless the boiling lias been too long continued), evaporated down to 
8 pts.; and ammonia then added; whereupon a dark red thicldsh liquid 
is obtained, which, on cooling, deposits crystals of purpurate of 
ammonia. (Kodweiss.) 

4. One pt. of uric acid is boiled in a porcelain basin, with 32 pts. of 
water, and nitric acid of sp. gr. 1 *425 diluted with a double quantity of 
water, added in small portions, waiting each time for the violent effer¬ 
vescence to subside, and continuing the additions till all the uric acid is 
dissolved; the liquid then boiled for a while with the residue; filtered; 
evaporated till it acquires the colour of onions (and till samples of it, 
mixed with ammonia, no longer produce turhity and a red powder, hut 
not till they form with ammonia a yellow gummy precipitate, in which 
case the liquid must he treated with sulphuretted hydrogen before the 
ammonia is added to it: Liebig ); cooled exactly to 70°; dilute ammonia 
added till it appears by its odour to bo in slight excess (if the liquid is 

ygl. x. o 
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too hot, tho purpurate of ammonia is decomposed Ly the excess of 
ammonia); and tho purple mixture left to cool, whereupon it deposits 
crystals of purpurate of ammonia, generally mixed with red flakes of 
uramil, from which they may he freed by cold dilute ammonia. If the 
liquid was too cool when the ammonia was added, it must be diluted 
with an equal volume of boiling water: the crystals then separate more 
slowly, but with greater beauty. (Liebig & Wohler.) 

5. Uric acid is dissolved in strong, non-fuming nitric acid, as in 
Liebig & Wohler’s process for the preparation of alloxan; the great 
excess of acid partly neutralized during the heating, by addition of 
ammonia, till the liquid has assumed a slight purple-red colour; carbonate 
of ammonia then dropt in, when the temperature is near the boiling 
point, till the liquid, which then becomes dark red and turbid from 
admixture of the crystalline powder of purpurate of ammonia, smells 
faintly of ammonia; the vessel then quickly removed from the fire; the 
liquid after cooling decanted from the precipitate; and the precipitate 
washed with cold water, first by decantation and afterwards on the 
filter, till the wash-water exhibits a pure purple colour. So long as there 
is any mother-liquor still present, very little of the murexid dissolves in 
the water. (Fritzsche.) 

B. From Alloxantin, Alloxan, UramiL — 1. Carbonate of ammonia 
gradually added to a solution of pure alloxan concentrated at a tempe¬ 
rature near the boiling point, causes it to assume a purple colour, con¬ 
tinually deepening in intensity, and produces a precipitate of purpurate 
of ammonia; for the rest, the process is conducted as iu A 5. (Fritzsche.) 
[Without alloxantin the liquid merely becomes slightly red.] 

2. One pt. of alloxantin and 2*7 pts. of octo-liydratecl "alloxan arc 
dissolved in boiling water, and the liquid, after cooling to 70°; neu¬ 
tralized with carbonate of ammonia, which must he added quickly, so 
that no red powder may be formed, and not in excess, because too much 
ammonia interferes with the formation of purpurate of ammonia. (Liebig, 
Chim. on/. 1, 232.) — In this manner a deep purple mixture is obtained, 
which, on cooling, deposits a large quantity of crystals of purpurate of 
ammonia, whereas if the alloxan be left out, only a moderate redden¬ 
ing takes place; but instead of the alloxan, acid malato of ammonia 
may be used with an almost equally good result. 

3. To a hot solution of 4 pts. of alloxantin and 7 pts. octohydrated 
alloxan in 240 pts. water, SO pts. of a solution of carbonate of ammonia, 
saturated in the cold are added. A deep purple-red mixture is then 
obtained, which, on cooling, deposits gold-green crystals. (Gregory, J. 
pr. Chem. 22, 374; also Ann, Pharm. 33, 334 ) 

In one experiment, in which the mixture was stirred with a glas-rod, 
Gregory obtained instead of the crystals, a red powder which dissolved 
immediately with deep purple colour in dilute ammonia, and was there¬ 
fore different from the ordinary salt. 

4. One pt. of uramil and 1 pt. of mercuric oxide are dissolved in 30 
to 40 pts. of water, a few drops of ammonia added; the liquid gradually 
heated to the boiling point, kept boiling for a few minutes, during which 
it acquires a deep purple colour and becomes thickish, and filtered boiling 
hot; (any uramil that may remain on the filter is treated as above with 
small quantities of fresh mercuric oxide and ammonia): the liquid on 
cooling yields crystals, the quantity of which may be increased by 
adding carbonate of ammonia when it is nearly cool. (Liebig & Wohler.) 
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5. A saturated solution of uramil in Lot ammonia is cooled to 70°, 
and alloxan added till the alkaline reaction is nearly neutralized, after 
which the liquid is left to cool. (Liebig.) 

6. Purpurate of ammonia may also he obtained when the mother- 
liquor obtained in the preparation of mycomelate of ammonia, and con¬ 
taining alloxanate of ammonia, is evaporated to expel the free ammonia, 
and ail excess of alloxan then dissolved in it. (Liebig.) 

7. Finely pounded alloxantin is heated in a flask over the water- 
bath, and dry ammoniacal gas made to stream upon it for a long time 
through a tube going deep into the flask, while a second tube passing 
through the cork carries off the excess of ammonia, together with the 
vapour of water; the brown-red mass, several times finely pulverized 
and ammoniacal gas again made to act upon it; all the free ammonia 
which, on addition of water, would exert a decomposing action, care¬ 
fully removed by a current of air; the mass dissolved in the smallest 
possible quantity of hot water; the deep purple solution cooled to the 
crystallizing point; and an additional quantity of crystals obtained by 
rapidly evaporating and cooling the mother-liquor. (Gm.) 

Properties . The salt dried at 100°; presents the appearance of a deep 
brown-red powder. (Kodweiss, Gm.) The crystallized salt (containing 
2 At. water,) forms transparent, flat, four-sided prisms, according to Vauque- 
lin, four-sided tables or four-sided prisms, either obliquely truncated with 
one face, or bevelled with two faces), which are garnet-coloured by trans¬ 
mitted light, but by reflected light exhibit, on the two broader-side-faces, 
a shining green colour, (gold-green, according to Kodweiss, like the wing- 
cases of the golden beetle, according to Liebig and Wohler,) and on the 
narrow side-faces a red-brown, or in stronger light a greenish colour. 
(Prout.) The red powder of the crystals acquires, under the burnisher, a 
green colour and metallic lustre. (Liebig & Wohler.) The salt is inodorous, 
and has a sweetish taste. (Prout.) [Tlie statement of Kodweiss that the salt 
reddens litmus strongly, may perhaps be founded on an error arising from the red 
colour of the solution; it appears rather to redden turmeric.] 

The crystals give off partially at 50°, and completely at 100°, or in 
vacuo over oil of vitriol, 6*54 p. c. (2 At.) water. (Fritzsche.) 


16 C . 

. . 96 . 

... 33*80 

Kodweiss 
at 100°. 

.. 38*96 

Liebig 
& Wohler. 

.... 34*08 .. 

Liebig. 

.. 34*4 

Fritzsche 
at 100°. 
.... 34*93 

6 N . 

... 84 

. 29*58 

... 36*34 

.... 32*90 .. 

.. 31*8 

.... 30*80 

8 H .... 

.. 8 . 

... 2*82 . 

2*70 

3*00 .. 

3*0 

2*83 

12 O .. 

. . 96 . 

... 33*80 . 

... 22*00 

.... 30*02 .. 

.. 30*8 

.... 31*44 

C 16 N 6 H 8 0 13 284 . 

. . 100*00 . 

... 100*00 

.... 100*00 .. 

.. 100*0 

.... 100*00 


Liebig & Wohler observe that the air-dried crystals give off 3 or 4 p. c. when dried 
by heat; but they do not state in what condition of dryness the salt was analysed; 
neither does Liebig ( Chim . Org. I, 231). Liehig & Wohler’s formula is: 

Fritzsche’s: WffO 11 ; Kodweiss’s: C 10 N 4 Ii 4 O 8 . 

I)ecomp)Ositions. 1. When two cups connected by asbestus are 
brought into the galvanic circuit, the positive cup containing water, and 
the negative cup an aqueous solution of purpurate of ammonia, this 
solution becomes alkaline, and of a brighter red colour, while the water 
in the positive cup remains colourless, and takes up a crystallizable acid, 
which forms a colourless salt with ammonia, and does not precipitate 
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ead or silver-salts. (Lassaiguc, Ann. Ghim . Phy$< 22, 334; also Sclav. 
59, 381.) The solution of tlie salt is instantly decolorized by chlorine. 
Vauquelin.) —3. The salt dissolves in gently heated oil of vitriol with- 
mt evolution of gas, and forms a saffron-coloured liquid, from which 
vater throws down a yellowish-white gelatinous mass, which dissolves 
vitli red colour in heated ammonia [with access of air ?]. With boiling 
)il of vitriol, the salt forms, with evolution of carbonic and a small 
quantity of sulphurous acid, a brown solution which is not precipitated 
by water. (Kodweiss.) — 4. Dilute hydrochloric or sulphuric acid decom¬ 
poses the salt, with separation of purpuric acid. (Prout.) — Not pur¬ 
puric acid, hut murexan. (Liebig & Wohler.) — Gently heated sulphuric, 
hydrochloric, or nitric acid, converts the crystals of purpurate of ammo¬ 
nia into yellowisli-white lamina), having a silky lustre. (Kodweiss.) 
The liquid above the precipitated murexan contains alloxan, alloxantin, 
urea, and ammonia. Tlic quantity of murexan thus precipitated varies 
from 30 to 46 per cent. (Liebig & Wohler): 

2C 12 N 5 H fi 0 3 + I1HO = C 8 N 2 H 4 O L0 + CTsPfPO 10 + C G N 2 H 4 0 5 + 

alloxan. alloxantin. 

C 2 N 2 H 4 0 2 + 2NH 3 


(Liebig & Wohler. [According to this equation, however, purpurate 
of ammonia could not yield so much as 46 per cent, of murexan. For 
this reason, the following equation is preferable: 

2C 1(5 N 6 H q 0 12 + 4HO - C 16 N 5 H”0 12 + C 8 N 2 H 2 0 8 + 3NH 3 
murexan. alloxan. 

This equation does not account for the presence of alloxantin and urea, 
which however might be formed by the action of the hot acid on the 
alloxan (p. 174).] — 5. The salt dissolves in potash, with evolution of 
ammonia, and forms a dark violet-coloured liquid (splendid indigo-bine, 
according to Liebig & Wohler), from which, by long standing, if the 
potash is not in too great excess, small dark red crystals are deposited, 
containing potash and ammonia. The solution heated with excess of 
potash, becomes decolorised, and gives off a large quantity of ammonia, 
after which sulphuric acid throws down yellow ish-white murexan. having 
a silky lustre. (Kodweiss.) The supernatant liquid contains alloxanic 
acid (Liebig & Wohler). [With a small quantity of potash it is probable 
that a mixture of purpurate of ammonia and potash separates out; with 
excess of potash, the following equation is perhaps admissible: 

2C 16 N«H s O u + 4KO + 4HO = C 1G N 5 H“0 12 + 2C S N 2 11 2 K 2 0 10 + 3NIFJ. 

murexan. 

6. The purple solution of the salt in pure -water keeps for weeks in 
well-closed bottles perfectly filled with it; but if a little ammonia be 
added, it becomes decolorised, when left over night, with deposition of 
white flakes; and the supernatant liquid forms with chloride of calcium a 
precipitate (of alloxanate of lime?) soluble in acetic acid. At 80°, this 
decoloration by ammonia takes place even in a quarter of an hour. 
(Gm.)—7. When the crystals are boiled for some time with a quantity 
of water not sufficient to dissolve them, they lose their colour, and the 
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liquid oil cooling deposits a yellow gelatinous substance. (Liebig.) — 
When the aqueous solution is evaporated to dryness, the purpuratc of 
ammonia is found to be for the most part unaltered, but mixed with a 
reddish-yellow substance which remains behind on digesting the residue 
in water. The aqueous solution, when exposed to the air, does not lose 
its colour for several weeks at ordinary temperatures, but is decolorised in 
a few days when heated; it does not absorb oxygen from the air, or, at 
all events absorbs it very slowly. (Gm.) The saturated solution is 
decolorised very slowly by exposure to light, the dilute solution very 
quickly; the red colour is restored each time the solution is evaporated, 
but becomes continually weaker. (Yauquelin.) — 8. The purple aqueous 
solution of the salt is gradually decolorised by sulphuretted hydrogen, 
with precipitation of sulphur, and on subsequently evaporating the 
liquid, a yellowish salt remains. (Yauquelin.) The solution decolorised 
by sulphuretted hydrogen, deposits white silky-lustrous lamina), which 
when heated with ammonia [in contact with the air?] dissolve, and form 
a dark red solution which again yields crystals of purpurate of ammonia. 
But when the solution is heated for a longer time, light red gelatinous 
flakes are deposited, which after some time unite into light red crystalline 
nodules. (Kodweiss.) — The silky-lustrous lamina) mixed with sulphur, 
which are precipitated by sulphuretted hydrogen, consist of murexan, 
and the supernatant liquid contains alloxantin and dialuric acid, which 
were perhaps produced by the sulphuretted hydrogen from the alloxan 
formed at the beginning of the action. (Liebig &> Wohler.) Hydrosul¬ 
phate of ammonia is not formed in this process. (Liebig, Ann. Pharm . 
33, 120.) [This reaction may perhaps be represented by the equation : 

2C 16 N 6 H 8 0 12 + 2HS + 2HO = C 16 N 5 H~0 12 4 C 16 N 4 H 4 0 14 + 3NH 3 + 2Sj 

murexan. alloxantin. 

the decolorised liquid does not however contain free ammonia, but on the contrary 
reddens litmus slightly. This reaction requires therefore further elucidation.] 

Combinations. Purpurate of ammonia dissolves with splendid purple 
colour in 1500 pts. of water (3000 according to Yauquelin) at 15°, and in 
a much smaller quantity of hot water, whence it crystallizes on cooling 
(Prout.) The purple colour changes to violet on addition of potash. A 
solution containing only 1 pt. of the salt in 30,000 pts. of water has still 
a bright purple colour. (Yauquelin.) It is not perceptibly soluble in 
water saturated witli carbonate of ammonia. (Liebig & Wohler.) It 
dissolves readily and without decomposition in strong acetic acid. (Kod¬ 
weiss.) [It is insoluble in glacial acetic acid, and the solution in concen¬ 
trated acetic acid becomes decolorised in a few hours]. It is insolublo 
in alcohol and ether. (Prout, Kodweiss.) 

Purpurate of Potash. — a. Basic. — The indigo-coloured solution of 
purpurate of ammonia in cold potash-ley deposits a thick blue liquid on 
addition of alcohol. (Fritzsche.) 

b. Normal. 1 . The aqueous solution of purpurate of ammonia, 
saturated at a boiling heat, and mixed with bicarbonate of potash, 
deposits, when quickly cooled, a dark brown-red powder, and by slow 
cooling, crystals which exhibit the red and green colour like the am¬ 
monia-salt, and dissolve in water much more readily than that salt. 
(Prout.) — 2. The ammonia-salt mixed with excess of nitrate of potash, 
in concentrated solutions, yields a brown-red crystalline powder, which 
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may be freed by boiling with nitre from any ammonia-salt that may 
remain mixed with it, and obtained by recrystallization, in larger crystals 
resembling the ammonia-salt in lustre and colour, but darker. The 
crystals, after drying at 100°, give off 3'04 p. c. (1 At.) water at 300°, 
and when heated above 300°, yield a white sublimate, sparingly soluble 
in water. The crystals are but slightly soluble in water, still less in 
solutions of nitre and other salts. (Fritzscke.) — 3. A saturated solution 
of uramil In cold potash-ley assumes a deep purple colour on exposure to 
the air, and deposits gold-green prisms containing potash, which are 
very much like purpurate of ammonia, but harder. (Liebig Sc Wohler, 

P l? 9-) _ 



Dried at 300°. 


Fiitzscbe. 

KO. 
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15*47 ... 

. 15*48 
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Purpurate of Soda, — Prepared like the potash-salt (1). Dark brick- 
red. Dissolves in 3000 pts. water at 15°. (Prout.) 

Purpurate of Baryta. — Obtained by precipitating the ammonia-salt 
with acetate of baryta. Dark green powder, which dissolves very 
sparingly in water, forming a purple solution. (Prout, Kodweiss.) The 
black-green crystalline meal becomes dark purple-red when triturated. 
After drying in the air, it gives off 8‘7S p. c. [somewhat more than 3 At.] 
water at 100°, but no more at 250°. By trituration with baryta-water 
it is converted into violet flakes, apparently consisting of the basic salt, 
and very much like the precipitate which baryta-water forms with 
aqueous alloxantin. (Fritzsche.) 


Dried at 100°. Fritzsche. 

BaO . 76-6 . 22*89 21*96 

16 C . 96*0 . 28*69 27*98 

5 N. 70*0 20*92 

4 H . 4*0 .... 1*20 1*72 


11 O . 88*0 26*30 

CTOBaO® . 334*6 ... 100*00 

The salt, after drying at 100°, probably retains a certain portion of water, but 
certainly not 2 At. as supposed by Fritzsche. 

Purpurate of Strontia. — Obtained in like manner with nitrate of 
strontia. Dark red-brown powder with a slight greenish tinge. Sparingly 
soluble with purple colour in water. (Prout.) 

Purpurate of Lime. — By precipitation of chloride of calcium.— 
Greenish-brown powder, less soluble than the baryta and strontia salts in 
cold water, somewhat more soluble, aud with purple colour in hot water. 
[Prout.) 

Purpurate of Magnesia. — Very soluble, with purple colour. (Prout.) 

A mixture of aqueous purpurate of ammonia and alum gradually 
loses its colour and deposits a small quantity of a white substance. 
(Prout.) 
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Purpurate of ammonia forms with, acetate of Zinc a beautiful yellow 
precipitate, together with iridescent films on the surface of the mixture. 
(Prout.) 

With ProtocMoride of Tin it forms a scarlet mixture which subse¬ 
quently loses its colour, and after a few hours deposits pearl-white crystals 
of a tin-salt. 

Purpurate of Lead. — The aqueous ammonia-salt forms a rose-coloured 
mixture with nitrate of lead. (Prout.) With neutral acetate of lead it 
yields immediately 120 p. c. and on evaporation 44 p. c. more (164 in 
all), of a red precipitate, which contains 60 per cent, of oxide of lead, 
and turns yellow on the surface when exposed to the sun. (Vauquelin.) — 
It forms with neutral acetate of lead a purple-red precipitate containing 
ammonia, and somewhat soluble in water. When filtered from these, it 
deposits, after long standing, a loosely coherent substance of light purple- 
red colour, while the mother-liquid filtered therefrom still remains 
coloured. — a. The light purple-red substance, which may be washed with 
cold water without great loss, contains, when dried at 100°, 48*00 p. c. 
PbO, 17*5 C, and 1*34 H, and may be regarded as a basic salt containing 
acetic acid. It abstracts carbonic acid from the air, and is converted, by 
trituration’with a few drops of nitric acid, into a dark purple crystalline 
powder, which is probably the neutral salt. — b. The coloured mother- 
liquor forms with ammonia, thick violet-flakes, which contain more than 
75*00 p. c. PbO, 8*46 C, and 0*42 H, likewise absorb carbonic acid from 
the air, and appear also to contain acetic acid. (Fritzsche.) 

The aqueous ammonia-salt forms with, ferrous sulphate a clear, yel- 
lowish-red mixture (brownish-yellow according to Vauquelin); with 
acetate of cobalt after a while, red crystalline grains; with nitrate of 
nickel a clear greenish mixture; with cupric nitrate or acetate, a clear 
yellowish-green mixture; with mercurous nitrate, a purple, and with 
mercuric chloride, after a while, a pale rose-coloured precipitate. (Prout.) 
The precipitate formed by mercuric chloride is not decolorised either by 
light or by acids. (Vauquelin.) 

Purpurate of Silver. — a. Basic. — A solution of nitrate of silver 
mixed with ammonia forms with aqueous purpurate of ammonia, thick 
violet-flakes, which, after washing, dry up to a friable mass, exhibiting 
a shining fracture. This mass when heated to 200°, is suddenly decom¬ 
posed through and through, yielding a white sublimate very sparing] jr 
soluble in water, and perhaps identical with the sublimate obtained 
from the potash-salt, — and leaving a tumefied mass resembling coke. 
(Fritzsche.) Vauquelin likewise obtained dark violet-flakes by precipitation from 
perfectly neutral [possibly alkaline ?] liquids. 

b. Normal. — Purpurate of ammonia dissolved in warm water forms 
with nitrate of silver a dark purple-red precipitate (Prout) containing 
ammonia and somewhat soluble in water. (Kodweiss.) If the solutions 
are too much concentrated, a small quantity of the ammonia-salt may be 
thrown down by the nitrate of silver, together with the purpurate of 
silver, in which case a fine powder of a light purple-red colour will be 
obtained. But if the solutions mixed are moderately dilute, and if the 
silver-solution is previously acidulated with a few drops of nitric acid, 
which prevents the precipitation of salt a, and not added in too great 
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excess, the mixture becomes turbid in a few minutes and deposits crystals 
which resemble the ammonia-salt, but do not exhibit so bright a green 
colour. The air-dried crystals give off 5*71 p. c. [rather more than 
2 At.] water at 100°, and then nothing more at 250°. (Fritzsclie.) — 
The silver-salt may also be obtained by nearly neutralizing with am¬ 
monia a solution of 1 pt. uric acid in 2 pts. nitric acid of 34° Bin. and 
2 pts. of water, precipitating with nitrate of silver, and washing the 
purple-red precipitate by decantation with cold water, in which it is 
somewhat soluble. (Vauquelim) The dark purple-red crystals are not 
decolorized by exposure to light. They detonate when slightly heated, 
with sharp noise and emission of fumes, hut without light, giving off 
carbonic acid gas, cyanogen, and a small quantity of aqueous vapour, 
and leave spongy silver, with a small quantity of charcoal. Even after 
being warmed with solution of potash (which extracts no nitric acid), and 
then washed and dried, they still detonate when heated. (Vauquelim) 



Dried at 130°. 
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When purpurate of silver is decomposed by a quantity of dilute hydro¬ 
chloric acid far from sufficient to decompose it completely, a red liquid is 
obtained, which, when carefully heated, yields white crystals free from 
silver, and a few red crystals of smaller size containing that metal. This 
mass, when dissolved in water, leaves a rose-coloured residue which 
detonates with red sparks when heated, and when exploded in a glass 
tube, yields silver and charcoal, together with a white, acid sublimate. — 
The aqueous solution again evaporated, yields whitish, lion-deliquescent, 
very sour, four-sided prisms free from silver (which sw 7 cll up in the fire, 
exhaling a strong odour of hydrocyanate of ammonia, dissolve readily in 
water, and form with ammonia, a colourless compound -which produces 
with silver-solution, a white curdy precipitate soluble in nitric acid) and 
yellowish deliquescent crystals containing silver. (Vauquelim) 

Purpurate of ammonia forms a yellowish precipitate with tercliloride 
of gold and scarlet with bichloride of platinum. (Trout.) 


Appendix to Purpuric Acid . 

1. Eosacic Acid. 

Proust. Ann.Chim. 49, 162; also Scher. J. 7, 11. — A. Gehl. 3, 332.— 
Vauquelin, J. Phys. 73, 157; Bull. Pharm. 3, 416. —A. Vogel, 
Schw. 11, 401; Prout, Schw. 28, 184. — Eromherz & Gugert, 
Schw. 50, 199. 

Bodge Secure, rosenfarbene Siiure , A tide rosacique . — First distinguished by 
Proust as the red colouring principle in the brick-red deposit or Sedi- 
rnentum latericiun ?, often produced in the critical urine in hot and cold 
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fevers and in attacks of gout. Prout regards the colouring matter as 
purpurate of ammonia or potash; for since, as lie found, the brick-red 
deposit likewise contains nitric acid, it is possible that purpuric acid 
may be formed by the action of this acid upon the uric acid. It is true 
that the solubility of rosacic acid in alcohol, and certain other of its pro¬ 
perties, are unfavourable to this view; but as the acid has not yet been 
obtained in the pure state, it is scarcely possible to arrive at any definite 
conclusion respecting it. — A flannel waistcoat which had been worn for 
five months by a patient suffering from intermittent fever, exhibited a 
deep red colour under the armpits, and yielded its red principle, not to 
water but to boiling alcohol or to potash-solution; on evaporating the 
alcohol, this substance was left in the form of a brick-red powder, and on 
mixing the potash-solution with sulphuric acid, it was precipitated as a 
red powder. (Landerer, Repert. 55, 234.) 

Preparation. The red crystalline Sedimentum, latericmm deposited 
from the critical fever-urine, and consisting of rosacic acid, uric acid, 
mucus, and phosphate of lime, is washed with cold water, and boiled 
either with alcohol or with water, which liquids dissolve scarcely any¬ 
thing but the rosacic acid. The liquids are evaporated, after the greater 
part of the uric acid dissolved in the aqueous decoction has been sepa¬ 
rated out*by cooling. (Proust, Yogel.) As tbe sediment likewise con¬ 
tains urate of soda, which dissolves more readily in water, it is better 
to boil with alcohol than with water; but even in that case, a small 
quantity of urate of soda remains mixed with the preparation. (Fromherz 
& Gugert.) 

Properties. Bright scarlet powder; inodorous, has a faint taste; 
reddens litmus. 

Recompositions . Impure rosacic acid thrown on red-hot coals exhales 
a pungent odour, but without the peculiar empyreumatic character of 
animal substances. (Proust.) — In chlorine gas it immediately assumes a 
yellow colour. (A. Vogel.) — It is quickly decomposed by strong nitric 
acid, with intumescence and formation of nitrous gas, and is converted 
into a yellow mass, which leaves red scales when volatilized, like uric 
acid treated with nitric acid. (A. Vogel.) — It dissolves quietly in oil of 
vitriol, forming a liquid which is first rose-coloured, then dark red, and 
from which a small quantity of water or alcohol throws down uric acid 
in the form of a white powder, destroying at the same time the colour of 
the liquid. With oil of vitriol diluted with 3 pts. of water, rosacic 
acid first assumes a beautiful red colour, and, after a few days, deposits 
a white powder exhibiting the characters of uric acid. (Vogel.) — 
Hydrochloric acid imparts a slight yellowish tint to rosacic acid, but only 
after some time. Aqueous sulphurous acid colours it deep carmine-red. 
(A. Vogel.) — The acid dissolved in water, turns yellow on the addition 
of mineral acids, and deposits a small quantity of uric acid. (Fromherz 
& Gugert.) — The red powder immersed in sulphuretted hydrogen water, 
disappears in a few months, giving off a putrid ammoniacal odour. (A. 
Vogel.) — Strong solution of potash imparts a brownish-yellow colour to 
rosacic acid, with considerable evolution of ammonia; acids then sepa¬ 
rate it from the potash with yellowish colour. (A. Vogel.) — With 
aqueous ammonia it forms, after a few hours, a yellowish powder, which 
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dissolves in water somewhat more readily than the free acid, and is 
reprecipitated on addition of an acid. (A. Vogel.) — Ammonia, potash, 
or baryta imparts a yellow colour to the aqueous solution. (Fromherz & 
Grugert. The entire sediment dissolves in potash, forming a dark green 
solution with reddish iridescence, and acids reprecipitate the rose-coloured 
substance, decolorizing the liquid at the same time. (Vauquelin.) — 
Nitrate of silver changes the red colour of the powder to green in a few 
hours. (A. Vogel.) 

Rosacic acid dissolves pretty easily in water. The solution forms a 
pale rose-coloured precipitate with neutral acetate of lead. (Prout.) It 
forms a rose-coloured precipitate with acetate of lead, reddish-yellow 
with mercurous nitrate, and flesh-coloured with nitrate of silver. 
(Fromherz & Gugert.) 

With uric acid it forms a red compound, insoluble in cold water, and 
decomposable only by hot water or by alcohol. 

It dissolves readily in alcohol. 


2. Yellow Acid formed by tlie Decomposition of Purpuric 

Acid. 

When a solution of I pt. uric acid in 2 pts. nitric acid of 34° Bm. 
and 2 pts. water is precipitated with milk of lime, and the red filtrate 
evaporated at a gentle heat to the consistence of honey, then freed from 
nitrate of lime by digestion in alcohol of 40° Bm. and the brown residue 
thoroughly boiled with water, one-third of it then remaining undissolved, 
a brown solution is obtained, containing the compound of lime with a 
peculiar acid; and the undissolved matter consists of the same compound 
with excess of lime. By decomposition with oxalic acid, and evapora¬ 
tion, a brown-red mass is obtained, of the consistence of honey, from 
which, in 20 days, a large number of needles separate, united in stellate 
groups, less coloured, having a very sour taste, and deliquescing in the 
air. This acid is freed by digestion with lead-oxide and water from 
admixed oxuric [alloxanic] acid, which forms a soluble salt with lead, 
whilst a yellow lead-salt of the peculiar acid remains undissolved. This 
salt, when decomposed by dilute sulphuric acid, yields the pure acid, 
also with less colour, and the acid is obtained in a still less coloured 
state by decomposing the lead-salt with sulphuretted hydrogen, the 
colouring matter then adhering to the sulphide of lead. 

The acid crystallizes indistinctly, forms yellow precipitates with 
protochloride of tin and acetate of lead, brown with nitrate of silver, 
and greyish white with mercurous nitrate. The precipitate formed with 
acetate of lead, disappears on heating the liquid, the lead-salt then 
separating in square yellow needles as the liquid cools. The lead-salt 
heated in a glass tube first gives off a small quantity of water, then 
hydrocyanate of ammonia and sublimed carbonate of ammonia, and 
leaves a black mass having the shape of the crystals. (Vauquelin.) 
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Murexan. 

C lfi N fi H 7 0 12 =:0 1G N 3 Ad s H0 10 ,0 3 . 

Prout, (1818.) Ann. CMm. Phys. 11, 48.— Ann. Phil. 14, 368. 
Kodweiss. Pogg. 19, 12. 

Liebig & Wohler. Ann. Phavm. 26, 327. 

Prout’s Purpuric acid . — Formed in the decomposition of purpurate of ammonia 
by the stronger acids, sulphuretted hydrogen or potash. 

Preparation. 1. A solution of purpurate of ammonia in potash is 
boiled till it loses its colour and all the ammonia is volatilized, then 
gradually mixed with dilute hydrochloric or sulphuric acid, which throws 
down murexan in the form of a yellowish or grey powder. (Prout, 
Liebig, & Wohler.) — 2. A solution of purpurate of ammonia in boiling 
water is mixed with sulphuric or hydrochloric acid. (Liebig & Wohler.) 
When these acids are made to act directly on the crystals of murexid, 
the murexan obtained is more coloured. (Prout.) — The precipitated 
crystalline scales are purified by dissolving them in cold oil of vitriol, 
and gradually dropping the solution into cold water (Prout), or by dis¬ 
solving in potash and precipitating with an acid. (Liebig <& Wohler.) 

Properties. After precipitation from purpurate of ammonia : white, 
soft, nacreous, crystalline scales (Prout); often yellowish or reddish; 
after precipitation from oil of vitriol: snow-white powder (Prout); after 
precipitation from solution of potash: very loose, soft, yellowish-white 
powder, much heavier than water (Prout); with a silky lustre like 
uramil (Liebig & Wohler). It is infusible, tasteless, and does not per¬ 
ceptibly redden litmus (Prout). It turns red in air, containing ammonia. 
(Prout, Liebig, & Wohler.) 

Calculation according to Gm. 



16 C . 

. 96 

.... 35*69 



5 N . 

. 70 

.... 26*02 



7 H . 

. 7 

.... 2*60 



12 0 . 

. 96 

. 35*69 



C“N 5 H'0 13 . 

.269 

.... 100-00 





Liebig & 


Calculation a 

ccording to Liebig & "Wohler. 

Wohler. 

Kodweiss. 

6 C . 

. 36 . 

... 33*33 . 

.. 33*32 . 

... 36 58 

2 N . 

. 28 . 

... 25*93 . . . 

. 25*72 . 

... 28*45 

4 H 

. 4 

... 3*70 .. . . 

.. 3-72 . 

. 2*22 

5 0 . 

. 40 

. 37*04 . 

. 37*24 .... 

.. 32-75 

C 6 N 3 H 4 0 5 . 

. .. 108 

.. 100*00 . 

. 100*00 .... 

... 100*00 


Considering the great discrepancy of the two analyses, which appears to arise from 
the different states of purity and dryness of the murexan examined, I have assumed a 
formula containing C 16 , which gives percentages intermediate between those of the two 
analyses, and leads to the simplest equations. If this formula be correct, murexan 
may be regarded as a conjugated compound of uramil and dialurxc acid: 

C 8 N 3 H 5 0 6 + C 8 N 2 H 4 0 8 = C 16 N s H 7 0 12 + 2HO. 

According” to Kodweiss, who proposes the formula C 18 N 6 H 6 0 12 , murexan does not 
diminish in weight at 100°. According to Prout’s earlier analyses, the formula should 
be C 2 NH 2 0 2 . 
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Decompositions . 1. Murexan yields by dry distillation a large quantity 
of carbonate of ammonia, together with a little hydrocyanic acid, oily 
matter, and pulverulent charcoal. (Prout.) It yields cyanic acid, small 
quantities of hydrocyanic acid, and carbonate of ammonia, an oily sub¬ 
stance which soon solidifies, and a small quantity of charcoal. (Kod- 
weiss.) — 2. When heated in contact with the air, it first reddens from 
formation of ammonia, without fusion or volatilization, and then burns 
without any peculiar odour. (Prout.) — It dissolves with decomposition 
in chlorine-water (Prout), without yielding cyanic acid. (Liebig, Dogg. 
15, 569.)—4. It dissolves readily and with effervescence in strong 
nitric acid, and leaves purpurate of ammonia when evaporated. (Prout.) 
Strong nitric acid acts violently on murexan when heated, giving off 
nitrous and carbonic acid, and yielding by evaporation rhomboliedrons 
of oxalate of murexan, surrounded by a yellow, deliquescent mass, 
which reddens when heated, and contains ammonia, nitric acid, oxalic 
acid, and murexan. (Kodweiss.) — 5. Murexan, heated with oil of vitriol, 
gives off a large quantity of carbonic acid and a small quantity of nitrogen 
gas, and forms a brown solution, containing ammonia, and not precipit- 
able by water. (Kodweiss.) — 6. The colourless solution which murexan 
forms with aqueous ammonia, out of contact with the air, absorbs 
oxygen on exposure to the air, and assumes a deep purple-red colour, 
which gradually extends from above downwards, and when completely 
evaporated in the air, leaves nothing but crystals of purpurate of ammo¬ 
nia. (Kodweiss, Liebig, & Wohler) : 

[C 16 N 5 H'0 12 + NH 3 + 20 = C 16 N 6 H 8 0 12 + 2H]. 

When the ammoniacal solution is left for some time in pure oxygen 
gas, the reddening is followed by a complete loss of colour, due to the 
formation of oxalurate of ammonia: 

C 6 N 2 H 4 0 5 + 30 = CWEUO 8 . 

(Liebig & Wohler.) [Should not other products be formed besides the 
oxaluric acid f\ 

Combined ions. Murexan requires more than i 0,000 pts. of water to 
dissolve it. The pale red liquid becomes slightly turbid when cool, hut 
does not lose its colour. (Prout). 

It dissolves in cold oil of vitriol, and is precipitated therefrom without 
alteration by water (Prout, Kodweiss, Liebig, k Wohler). It is not per¬ 
ceptibly soluble in dilute phosphoric, sulphuric, or hydrochloric acid. 
(Prout.) _ ' ~ 

It dissolves in warm dilute nitric acid without effervescence, and 
yields by slow evaporation, small rhombohedrons which appear to be 
nitrate of murexan . The crystals have a sour and astringent taste; they 
effloresce and turn red in the air, and become coloured when heated, 
giving off nitrous vapours. From their pale yellow solution in potash* 
sulphuric acid throws down unaltered murexan, while the filtrate yields 
by evaporation crystals of nitre, and leaves a deliquescent mass which 
turns yellow, and gives off ammonia when heated. The solution of the 
rhembohedrons in ammonia deposits, after a while, yellowish-white flakes, 
containing nitric acid, ammonia., and murexan. The crystals become 
dark red when heated with ammonia. Their aqueous solution forms with 
baryta and lime-salts, on addition of ammonia, a white gelatinous pro- 
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cipitate, and with acetate of lead, a precipitate wliicli increases on addi¬ 
tion of ammonia, and often turns red when heated. 

Murexan dissolves easily in aqueous solutions of ammonia and the 
fixed alkalis, without neutralizing them, and forms solutions which are 
colourless provided the air be excluded. (Liebig & Wohler.) 

Oxalate of Murexan ? —1. Aqueous oxalic acid containing a little 
nitric acid (without which no solution takes place); is saturated with 
murexan, and the solution crystallized by evaporation.—2. Murexan, 
or its nitrate, is heated with excess of strong nitric acid, and the 
crystals obtained by evaporation, separated from the mother-liquor. — 
The first process yields six-sided prisms; the second, large rhombohe- 
drons; the crystals are colourless. — When burnt with oxide of copper, 
they yield 4 vol. CO 2 to 1 vol. N. With hot oil of vitriol, they give off 
carbonic oxide gas. Heated and evaporated with a small quantity of 
potash-solution, they yield crystals of oxalate of potash, and a red deli¬ 
quescent mass, which, when heated with a larger quantity of potash, 
gives off ammonia and turns yellow. Their solution in aqueous am¬ 
monia yields, by slow evaporation, long, slender, white needles con¬ 
taining oxalic acid, which turn red when heated. Their aqueous solu¬ 
tion boiled with acetate of baryta forms a precipitate of oxalate of 
baryta, while the reddish filtrate contains pnrpurate of baryta. (I\odweiss.) 

Murexan does not dissolve in alcohol or ether, or in aqueous acetic, 
tartaric, or citric acid. (Prout, Kodweiss.) 


Primary Nucleus C 8 H 10 . 
a. Oxyyen-nucleus C 8 H G 0 4 . 

Malic Acid. 

C 8 H 6 0 10 = C 8 H c 0 4 ,0 c . 

Sciieele. Op use. 2. 196. 

Vauquelin. Ann. Chim. 34. 127; also Crell. Ann, 1801, 1, 72. — 
Further: Scher. J. 5, 291. — Further: Ann. Cl din. Phys. G, 237; 
also Sclav. 24, 155; also N. Tr. 3, 1, 98. 

Bouillon Lagrange & A. Vogel. N. Geld. 3, G15; also J. Pharm. 
3, 49. 

Donovan. Phil. Trans. 1815, 231; also Ann. Chim. Phys. 1, 281. 
Braconnot, Ann. Chim. Phys. 6, 239; also Sclav. 24, 133; also N. 
Tr. 3, 1, HI.— Ann. Chim. Phys. 8, 149; also W. Tr. 3, I, 138; 
also Repeid. 6, 207.— Ann. Chim. Phys . 51, 329. 

Dobereiner. Schw. 26, 273; also N. Tr. 4, 1, 168. 

A. Vogel. Gill . 61, 230. 

Houton-LaIbillardiere. Ann. Chim. Phys. 8, 214; also N. Tr. 3, 
2, 382. 

Trommsdorff. N. Tr. 3, 1, 151. 

Liebig. Pogg. 18, 357; also N. Tr. 20, 2, 146. — Pogq. 28, 195: 
also Ann. Pharm. 5, 141.— Ann. Pharm. 26, 166.— Handworterh. 
1, 97. 
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Lassatgne. J. CJrim. med . 4, 569. 

Pelouee. Ann. Chim. Phys. 56, 72; also .dmz. Pharm. 11, 263; also 
J. £>?*. CAm. 3, 26. 

Richardson & Menzdorf. Ann . PJiarm. 26, 135. 

Robert Hagen, iwi. Pharm. 38, 257. 

E. Luck. Pharm. 54, 112. 

Aepfelsaure, Vogelbeersaure , Spiersaure, Acide malique, Acide sorbique . 

History . Malio acid was first obtained by Sclieele in 17S5, but not 
perfectly pure, and its pioperties were further examined by Yauguelin. 
Bouillon-Lagrange & Yogel showed that this acid under certain cir¬ 
cumstances yielded acetic acid, and pronounced it to be a mixture of 
acetic acid and extractive matter. Donovan in 1818 obtained an acid, 
differing in some respects from Scheele’s malic acid, which ho regarded as 
a peculiar acid, and called Sorbic acid (Vogelbeersaure); but Braconnot in 
1818 showed that this acid was nothing but malic acid in a state of greater 
purity. The first correct analysis of malic acid was given by Liebig. 

Sources. Very widely diffused in the vegetable kingdom, together 
with acetic and oxalic acid. Found sometimes in the free state, some¬ 
times combined with potash, lime, magnesia, or vegetable bases: In the 
root of Althcea off., Angelica Archangelica, Aristolochia Serpentaria , 
Arundo Donax, Asclepias Vincetoxicum. Asparagus off,, Berberis vulg 
Beta vulg., Bryonia alba , Convolvulus Purga, arvensis and Batatas, Cory - 
dahs tuberosa, Cyperus esculentus , Caucus Carota, Glycyrrhiza glabra, 
Gypsophila Struthium, Helianthus tuberosus , Lathyrus tuberosus. Lobelia 
syphilitica , Nympheea alba, CEnanthe crocata, Pceonia off., Polygala 
Senega, Polypodium Filix Mas , Primula Veils, Rheum , Rubia linctorum , 
Rionex obtusifolius, Solanum tuberosum, Valeriana off.; — in the wood of 
Mesua ferrea; — in the bark of Clematis Flammula, Daphne Mezereum, 
Quassia Simaruba, Rhamnus Frangula, Viburnum Opulus, Monesia-b&xk ; 
— in the haulm (including stems) of Achillea nobilis and Millefolium, 
Agave americana, Aconitum Lycoctonum and other species, Act era spicata, 
Artemisia vulg., and Absinthium, Arum macidatum , Atropa Belladonna, 
Ballota Janata and nigra , Brassica oleracea, Bryonia alba, Calendula off.. 
Cannabis saliva. Cassia Senna and lanceolata, Chelidoniinn magus , various 
species of Cotyledon and Crassuh, Centaurca benedicta , Cheerophyllum 
sylvestre, Convallaria majalis, Diosma crenata, Galeopsis grandiflora. 
Geranium zonale, Gratiola off.. Hyoscyamus niger, Hyssopus off, Lactuca 
Setfiva. Lychnis chdica, Lycopus europceus, Mamillaria pitsilla. various species 
of Mesembrycinthemum,MercUriah's annua. Mortis alba,Papaver sonmiferum , 
Phormium ten ax, Portulaca oleracea. Reseda htteola, Ricinus communis, 
Rida graveolcns , Saccharum officinarum , Salvia off., Sambucus Fbulus, 
Sedum acre and Telephium, Sempervivum tectorum, Spigdia anthelmia, 
Spinacia oleracea, Staphylcea pbmata, Syringa vulg., Tanacetum vulgare, 
Thymus Serpyllum, Trifolium, Melilothus off., Tropeeolum majus and 
Valeriana off ; — also, according to Garot (N. J. Pharm. 24, 308), in the 
leaves of the common ash; in the flowers of Calendula off. t Matricaria 
Chamoniilla and Parthenium , Sambucus nigra , Thymus serpyllum, Ver - 
bascum Thapsus and Viola odorata; — in the pollen of Cannabis sativa, 
Pinus Abies and sylvestris, Phoenix dactylifera, Typha latifolia, and Tulipa 
gesneriana; — in the fruit of Amygdalus persica, Annona triloba, Berberis 
vulgaris , Bromelia Ananas, Cornus sangumea, Cucumis Melo and sativus, 
Cucurbita Pepo , Frag aria vesca, Musa paradisiaca, Prunus domestied, and 
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G?rasus, Pyras Cydonia , communis and Malm, 22A Cusoriarict , glair am, 
typhinum and copallinum , nibrum and Grossularia, Rosa canina, 

Rubus Idceus and fruticosus, Sambucus nigra , Solamim Lycopersicum, 
mammosmn, nigrum, and other species, Sorbus Aucuparia , Syringa vul¬ 
garis, Tamar andus indie a, Vaccinium Myrtillus , Vitis vinifera; — in the 
seed of Anagyris fcctida, Apium Petroselinum, Arachis hypogcca, Bariosma 
Tongo, Carum Carvi, Cocos nucifera, Cuminum Cyminum, Cytisus Labur¬ 
num, Datura Stramonium, Dephinium Staphisagria , lUicium cmisatmn, 
Linum usitatissimum, Menispermum Coccidus, Myrtus Pioncnta, Pim- 
phiella Anisum , Piper nigrum and longum, and in Semen Cince; — in 
lupulin ; —in the milky juice of Hura crepitans; — in asa feetida, opo- 
ponax, sagapenum, myrrh, and euphorbium. Compare especially Scheele and 
Yauquelin,* also Braconnot. (Ann. Chim. 65, 277; 70, 255.) H It is also found 
in the decoction of Tagetis erecta, and in large quantity in Ligusticum 
levisticum (Dessaignes, N. J. Pharm. 25, 23 j, and in the ripe berries of 
IUppophae rliamndides (0. L. Erdmann, J. pr. Chem. 55, 191): it like¬ 
wise occurs abundantly, together with oxalic and saccharic acid, in the 
acid residue obtained in the distillation of spirit . cctheris nitrosi from nitric 
acid and alcohol. 

Braconnot (J. PJiys. 84, 276) likewise obtained from Borago off., 
Cochlearia off., Momordica Elaterium and Saponaria off., acids which 
appeared to consist of impure malic acid. 

The Menispermic acid obtained by Boullay (J. Pharm. 5, 5: also 
Repert. 7,79) from the berries of Gocculus indicus, appears, from his later 
investigations made in conjunction with Yauquelin (J. Pharm. 12, 108), 
to be malic acid. 

Solanic acid, which, according to Pcschicr ( J . Chim. med. S, 289; 
jV. Tr. 14, 2, 270), occurs in all species of Solamim, but especially in the 
berries of Solanum nigrum, was recognized by John, Braconnot, Desfosses, 
Ilisch, and others, as malic acid. 

A ceric acid ( Feldahornsaure) obtained by J. A. v. Scherer from Acer 
campestre; Stockladcsaure by John ( Schw . 15, 110) from stocklac, and by 
Esenbeck & Marquart (Ann. Pharm. 13, 393) from a spurious shellac; 
tanacetic acid, by Peschier (iV~. Tr. 14, 2, 175); achilleic acid , by Zanon 
(Ann. Pharm. 58, 31); the acid found by Braconnot (Ann. Chim. 62, 
28), in the steins of Phytolacca decandra; manihotic acid obtained by 
O. Henry & Boutron-Charlarcl (J. Pharm. 20, 628; 22, 122); and 
enphorbic acid, by Ricgel (t TaJirb. pr. Pharm. 6, 165), from the flowering 
herb of Euphorbia Cyparissias: — all those acids are perhaps identical 
with malic acid. — IF According to Ritthausen (J. pr. Chem. 53, 413), 
the acid contained in Lycopodium complanatum is probably malic acid.— 
H. Schwartz (Ann. Pharm. 84, 83) found malic acid in unripe Silesian 
grapes. — Winckler (Chem. Gaz. 1853, 32) found in wine made from 
unripe grapes from the Bergstrasse, an acid possessing the physical pro¬ 
perties of malic acid but the chemical relations of citric acid. Winckler 
regards this as a peculiar acid which he denominates Paracitric acid, 
Pasteur (JT. JPharm. 24, 75), however, regards this acid as malic acid. 
Winckler, m on the other hand (iY. Jahrb. Pharm. 1, 75), persists in his 
opinion that it is a peculiar acid distinct from malic acid. 11" .. 

A few other acids which have been more particularly examined, and perhaps belong 
to this head, will be given as an appendix to malic acid. 

Formation. In the decomposition of asparagin or aspartic acid by 
cold nitrous acid. (Piria.)- — % The modification of aspartic acid, which 
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rotates the piano of polarisation of a ray of light, produces a malic acid 
possessing the same power and identical in all respects with ordinary 
malic acid; but the inactive modification of aspartic acid ( q . -y.) pro¬ 
duces an inactive malic acid. (Pasteur, N. Ann. Ohim. Pliys. 34, 30.) IT 
Whether the acid which Lowitz obtained (Ore'll. Ann . 1792, 1, 222) by decomposing 
grape or gum-sugar with alkalis, is really malic acid, remains yet to be determined. 

Preparation. I. From the berries of the Mountain-ash . — These like¬ 
wise contain small quantities of tartaric and citric acid, especially while 
very unripe. (Liebig.) 

1. The juice of mountain-ash berries not quite ripe, after being 
pressed, boiled up and filtered, is partly neutralized with carbonate of 
potash, leaving, however, a sufficient excess of acid to redden litrails 
pretty strongly; then precipitated by nitrate of lead (or with neutral 
acetate of lead, if carbonate of potash is not used); set aside for a few 
days, till the curdy precipitate is completely converted into small needles; 
these crystals freed from the admixed mucous or flocculent compound of 
lead-oxide and colouring matter (which is particularly abundant when 
acetate of lead is used) by careful elutriation with cold water; and lastly 
well washed with water. — a. The needles are either boiled with a 
quantity of dilute sulphuric acid not sufficient to decompose them, as 
long as any granular deposit continues to subside; the uniform pulpy 
mass mixed with aqueous sulphide of barium, till a filtered sample is 
found to contain baryta; the liquid filtered (the sulphide of lead then 
acting as a decolorising agent); the colourless filtrate boiled with excess 
of carbonate of baryta; the liquid again filtered (tartrate and citrate of 
baryta remaining in the filter); the baryta precipitated from the filtrate 
by careful addition of dilute sulphuric acid; and the filtrate, which should 
show no turbidity either with sulphuric acid or with chloride of barium, 
evaporated to the crystallizing point. If the filtrate should become 
turbid on addition of sulphuric acid, it must be evaporated down, the 
residue exhausted with alcohol; the liquid filtered from the remaining 
malate of baryta; and again evaporated. — 1. Or these needles of impure 
malate of lead are boiled with a slight excess of dilute sulphuric acid, 
the filtrate divided into two equal portions; one portion exactly neu¬ 
tralized with ammonia; the other portion then added; and the reddish 
liquid evaporated and cooled; it then yields nearly colourless crystals of 
acid malate of ammonia, which may be rendered quite colourless by 
recrystallization. These crystals are then precipitated by acetate of 
lead, and the precipitate, after thorough washing, decomposed by sul¬ 
phuretted hydrogen or sulphuric acid. (Liebig.) 

2, The juice, after boiling and straining, is partially neutralized by 
ammonia; 72 pts. of it precipitated by 1 pt. of neutral acetate of lead; 
the liquid filtered after a few hours, to separate tartrate and citrate of 
lead and the compound of lead-oxide and colouring matter; the filtrate 
gradually mixed with small portions of a concentrated solution of nitrate 
of lead, stirring all the while, till a filtered sample is but slightly clouded 
by the nitrate of lead; the precipitate, which becomes crystalline, col¬ 
lected after a while on the filter, washed with cold water, suspended in 
water, and decomposed by sulphuretted hydrogen; the nearly colourless 
filtrate heated on the water-bath to expel sulphuretted hydrogen, neu¬ 
tralized with ammonia, and decolorised with bone-cluircoal which has 
been purified by hydrochloric acid; the colourless filtrate precipitated by 
nitrate of lead; the precipitate well washed with cold water after it has 
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become crystalline, then suspended in a four-fold quantity of water, and 
decomposed by sulphuretted hydrogen, the liquid being briskly agitated 
all the while; and the filtrate evaporated, first on the water-bath, and 
then at a gentle heat till it crystallizes. 22’7 pts. of mountain-ash 
berries yield 1 pt. of malate of lead. (Winckler, Jahrb. pr. Pharm. 
1 , 13 .) 

3. The filtered juice of ripe mountain-ash berries is precipitated with 
neutral acetate of lead, the precipitate thoroughly washed with cold 
water, and then treated on the filter with boiling water, as long as the 
wash-water continues to deposit malate of lead on cooling — The residue 
on the filter (which Donovan erroneously regards, not as neutral malate 
of lead closely aggregated and thereby rendered difficult of solution, but 
as basic malate), is decomposed with dilute sulphuric acid; the acid 
liquid precipitated with neutral acetate of lead; the precipitate again 
treated with boiling water, and this treatment once more repeated. — 
Lastly, all the crystals of. the lead-salt, which, having separated from a 
colourless solution, are free from colouring matter, are decomposed by 
half an hour’s boiling and constant stirring with 2*3 pts. of sulphuric acid 
ofsp.gr. 1*09 (a quantity not sufficient to take up all the lead-oxide); 
the liquid filtered; the lead which is dissolved in the filtrate precipitated 
by sulphuretted hydrogen; and the liquid again filtered and evaporated. 
(Donovan.) 

4. Vauquelin leaves the juice to ferment for 14 days, whereby it 
loses its viscidity; then precipitates it with neutral acetate of lead; boils 
the precipitate, consisting of malate of lead, a little phosphate, and a cer¬ 
tain quantity of colouring matter, repeatedly with water; obtains the 
malate of lead in colourless crystals by repeated solution in hot water 
and cooling; and decomposes the crystals as in (3) by sulphuric acid and 
sulphuretted hydrogen. 

5. Wohler (. Pogg . 10, 104) dilutes the juice of mountain-ash berries 
not quite ripe, with 3 or 4 pts. of water; filters; adds solution of acetate 
of lead to the liquid while in a state of ebullition as long as turbidity is 
thereby produced; and filters boiling hot. The filtrate immediately 
becomes turbid, and deposits dirty-coloured pulverulent malate of lead; 
the liquid decanted therefrom yields the pure salt in white needles as 
it cools. 

6. Braconnot saturates the juice of mountain-ash berries not quite 
ripe with carbonate of lime, while boiling; evaporates the liquid to a 
syrupy consistence and skims it; separates the malate of lime which is 
deposited on cooling from the syrup; purifies it by washing with a small 
quantity of cold water and pressure between linen; boils for a quarter of 
an hour with an equal weight of crystallized carbonate of soda and with 
water; then filters the liquid containing malate of soda from the car¬ 
bonate of lime, and frees it from the red colouring matter by boiling with 
a little milk of lime; and thus obtains a transparent arid colourless 
filtrate, which he frees from lime by passing carbonic acid through it and 
precipitates with basic acetate of lead; after which he washes the malate 
of lead and decomposes it with sulphuric acid. 

7. The juice of the unripe berries is boiled for some hours with a 
quantity of milk of lime not quite sufficient to neutralize it, as long as it 
continues to deposit malate of lime in the form of a sandy powder; this 
powder removed from the liquid and added, after washing with cold 
water, to a boiling mixture of 1 pt. nitric acid and 10 pts. water, as long 
as it dissolves; the hot filtrate left to cool; the nearly colourless crystals 

yol. x. P 
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of acid malate of lime which form, purified by recrystallization from 
boiling water; their hot solution precipitated by neutral acetate of lead; 
the precipitate, after washing with cold water, suspended in warm water 
and decomposed with sulphuretted hydrogen; and the filtrate evaporated, 
first on the open fire, then on the water-bath, to a syrup, which solidifies 
after some time to a crystalline mass. (Hagen.) 

II. From HouseleeTc. The juice of this plant is rich in malate of 
lime. 

1. The filtered juice of honseleek is evaporated nearly to a syrup, 
and gradually mixed with alcohol; the pasty mass which separates, 
repeatedly washed with fresh portions of weak alcohol, and dissolved in 
water, after being strongly pressed between linen; the brown solution 
mixed with a quantity of sulphuric acid sufficient only to precipitate half 
the lime; and the liquid separated from the gypsum by decantation and 
pressure. This liquid yields in 24 hours, crystals of acid malate of lime; 
and the supernatant mother-liquor evaporated to a syrup, yields an 
additional crop of crystals, first by 14 days standing in a cool place, and 
then by addition of alcohol, which however must be added with caution, 
as too large a quantity would likewise precipitate the brown colouring 
matter. The crystals are purified by dissolving them twice in hot water 
and recrystallizing; they are then again dissolved in water; the lime 
precipitated by sulphuric acid; the liquid filtered and digested with lead- 
oxide to remove the sulphuric acid; again filtered; the dissolved lead 
precipitated by sulphuretted hydrogen; the liquid filtered from this pre¬ 
cipitated and evaporated to dryness; and the acid dissolved out by 
alcohol, which leaves small quantities of lime and lead-oxide undissolved. 
(Braconnot.) 

2. Houton-Labillardiere supersaturates houseleek juice with milk of 
lime; filters; evaporates down to three-fourths, whereupon a white pul¬ 
verulent salt Is deposited on cooling; decants the brown mother-liquor; 
washes the salt with alcohol of 12° to 15° Bin.; dissolves it in water; 
filters from the compound of lime and colouring matter; precipitates by 
nitrate of lead; washes the precipitate; suspends it in water; and de¬ 
composes it with sulphuretted hydrogen; then filters, and evaporates to 
a syrup, which yields crystals in a few days. 

3. Donovan evaporates the syrup to two-thirds; mixes it, after fil¬ 
tration, with an equal quantity of alcohol; washes the precipitated 
malate of lime with alcohol; dissolves it in water; precipitates with 
neutral acetate of lead; and decomposes the washed precipitate as in I M 3. 

When the malate of lime is precipitated by a lead salt, the resulting 
malate of lead contains lime, and yields malic acid, which also contains 
lime and therefore precipitates nitrate of lead or silver; it may be sepa¬ 
rated from the acid malate of lime (as in Braconnot’s process) by 
evaporating to a syrup and extracting with strong alcohol. (Gay-Lussac, 
Ann. Chim Fhys . 6 , 331; also Schw. 21, 216; also FF. Tr. 3, 1 , 95; 
comp. Wackenroder, JV Br. Ai'ch. 25, 58.) 

III. From Cherries or Berberries. — A. Vogel precipitates the juice 
with neutral acetate of lead; washes the blue precipitate with cold water; 
boils it repeatedly with water, the compound of lead oxide and colour¬ 
ing matter then remaining undissolved; and obtains by cooling, as in 
Donovans process, crystals of malate of lead, which he then decomposes 
by sulphuretted hydrogen. 
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IV. From the berries of Finis Coriaria. — These berries contain acid 
malate of lime. After being separated from the stalks, they are re¬ 
peatedly exhausted with boiling water; the red acid infusion partially 
evaporated; the liquid separated from the precipitate of oxidized ex¬ 
tractive matter; the filtrate repeatedly evaporated and cooled, as long as 
it continues to yield brownish crystals of acid malate of lime; these 
crystals washed, and decolorized by rccrystallization; their aqueous 
solution then precipitated by carbonate of potash; the filtrate precipi¬ 
tated by acetate of lead; the white crystalline malate of lead decomposed 
by sulphuretted hydrogen; and the crystallized acid obtained by evapo- 
lating the filtrate. (Trommsdorff, Ann. Fharm. 10, 328.) 

The juice of the berries of Rhus glabrum or typkinum yields with 
acetate of lead a precipitate, which, when washed with cold water, 
recrystallized from hot water, and decomposed by sulphuretted hydrogen, 
immediately yields colourless crystals of the acid. (Lassaigne.) 

V. From the stems of various species of Rhubarb. —The juice ex¬ 
pressed from the stems and leaves of Rheum palmatum or undulatum is 
clarified by boiling with isinglass; then strained and evaporated to a 
thin syrup, which in a few days yields crystals of acid malate of potash, 
to be decolorized by pressure and recrystallization, and amounting to 

per cent, of the stems and leaves. By precipitating this salt with 
acetate of lead, and decomposing the washed precipitate with sulphuretted 
hydrogen, very pure malic acid is obtained, which crystallizes well. 
(Winckler & Herberger, Jahrb. pr. Fharm 2, 201.) — Another mode 
of preparation was previously given by Th. Everitt. (Phil. Mag. J. 
23, 327.) 

VI. From Apples. •— Apple-juice neutralized with carbonate of potash 
is precipitated with acetate of lead, and the washed precipitate decom¬ 
posed with an equivalent quantity of dilute sulphuric acid. (Sclieele.) — 
The acid thus obtained is a thick, brown, uncrystallizable syrup wdiich 
dries up to a varnish when exposed in thin layers to a warm dry atmo¬ 
sphere. This inability to crystallize proceeds, according to Braconnot, 
from the presence of a brown substance which prevents the crystal¬ 
lization, not only of the acid, but also of its lead-salt. As this impure acid 
obtained by Scheele was formerly the only kind of malic acid known, the colourless 
and crystal!izable acid which Donovan obtained from mountain-ash berries was regarded 
as a distinct acid. 

The preparation of malic acid from Artemisia Absenthium is described 
by Luck. 

Erdmann (J. pr . Chem. 55, 191) recommends the ripe berries of the 
sea-buckthorn (Hippophae rhamnoides) as a source for the preparation of 
malic acid. 

Pure malic acid should be colourless and crystallizable; burn without 
residue (of potash, lime, oxide of lead, &c.); not become coloured with 
ammonia; and yield no precipitate with nitrate of lead or silver. 

Properties. The aqueous acid evaporated to a syrup, and then left 
to evaporate further in a warm place, yields colourless needles or prisms 
united in feathery or spherical groups (Vauquelin, Braconnot, Liebig); 
according to A. Vogel, the crystals are six-sided; according to Winckler, 
four-sided. The crystals melt at 83°, but sustain a heat of 120° without 
diminishing in weight. (Pelouze.) They are inodorous and have a very 
sour taste. IT. According to Pasteur, ordinary (optically active) malic 
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acid begins to melt at 100° and to decompose at 140°; whereas optically 
inactive malic acid begins to melt at 133°, and to decompose at 150°. 
The latter crystallizes in the same manner as the ordinary acid, but more 
readily. (iV: Ann. Chim . Phys . 34, 30.) 


Crystallized. Pelouze. Pasteur. 

8 C. 48 ... 35-82 .... 36*86 .... 35*76 

6 H. 6 .... 4-48 .... 4*36 .... 4*65 

10 O .. .. .. 80 ... 59*70 .. 58*78 .... 59*59 


C a H 6 O l0 . 134 .... 100*00 .... 100*00 .... lOO'OO 


Pelouze obtained too much carbon, probably because malic acid, as Liebig* has 
shown, gives off water at 130°. 

Pasteur analysed the optically inactive malic acid obtained from inactive aspartic 
acid by the action of nitrous acid$ the acid was crystallized and dried over sulphuric 
acid. — 

According to the radical-theory, the hyp. anhydrous acid = C 4 H 3 0 4 — M, and the 
crystallized acid *= H0,C 4 H 2 0 4 . Prout found the hyp. anhydrous acid contained in 
the lead, lime or copper-salt, to consist of 40*68 p. c. C, 5*08 H and 54*24 O. 

Decompositions. 1 . The acid heated for some hours to between 175° 
and 180° in a retort placed in the oil-bath, is resolved, without any 
evolution of gas or carbonization, into water, maleic acid (viii. 151) 
which passes over in the liquid form with the water, and crystallizes 
soon afterwards, and about an equal quantity of fumaric acid (ix. 22), 
part of which distils over, while the rest remains in the retort, in the 
form of a crystalline mass. If the malic acid be suddenly heated to 200°, 
and kept for some time at that temperature, a comparatively large 
quantity of maleic acid is obtained; but at 150°, the malic acid is very 
slowly, but almost completely resolved into water and fumaric acid. 
The first product of the decomposition perhaps consists entirely of maleic 
acid, which, however, if the heat be not quickly raised to the point of 
volatilization, is converted into fumaric acid. (Pelouze.) Even by con¬ 
tinued exposure to a heat of 120° to 130°, fused malic acid is converted, 
with turbidity and escape of water, into a pulpy mixture of fumaric 
acid laminae, and undecomposed malic acid; the latter, when dissolved 
out by cold -water, and heated as above after evaporation, again yields 
water and a similar mixture; and in this manner all the malic acid may 
he finally converted into water and fumaric acid. If the distillation 
he conducted as quickly as possible over a strong alcohol-flame, a large 
quantity of maleic acid passes over with the water, till the residue 
suddenly solidifies to crystalline fumaric acid. (Liebig.) — Equations for 
the formation of maleic and fumaric acid: 

C 8 H 6 0 10 = 2C 4 H=0 4 + 2HO. 
and: C 8 H 6 O s = C s H 4 O s + 2HO. 

If a strong fire be made to act immediately on the malic acid, it swells 
up, turns brown, and yields, together with the maleic and fumaric acids, 
large quantities of carbonic oxide and carbonic acid gases, enipyreumatie 
oil, and charcoal, which must be regarded as decomposition-products of 
the maleic and fumaric, not of the malic acid. (Lassaigne.) — 2. In the 
open fire, the acid burns with the odour of burnt sugar. 

3. The acid in combination with potash is decomposed by bromine 
with formation of bromoform. (Cahours, N. Ann. Chim. Phys. 19, 507.) 
— 4. Nitric acid easily converts it into oxalic acid, with evolution] of 
carbonic acid. (Vauquelin) — It is not decomposed by aqueous iodic 
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acid. (Millon.) — 5. When gently heated with oil of vitriol, it gives off 
carbonic oxide gas (Dobereiner), and at the same time forms acetic acid. 
(Liebig.) — 6. When heated with oil of vitriol and chromate of potash 
together, it ’ gives off all its carbon in the form of carbonic acid. 
(Dobereiner.) — The aqueous acid does not act on peroxide of manganese. 
(Dobereiner.)—It is not converted into fumaric acid by boiling with 
strong hydrochloric acid. (Hagen.) 

7. When cautiously heated, with excess of potash-hydrate, it forms 
acetate and oxalate of potash [with evolution of hydrogen?]. (Riechter, 
i7. Br. Arch. 39, 23.) — For tlie conversion into succinic acid, see Mai ate of Lime, 
pp. 216, 217. 

Combinations . The crystallized acid deliquesces when exposed to 
the air; it dissolves in a small quantity of watet forming a colourless 
syrup; with a larger quantity, it forms a thin liquid. — The optically 
inactive modification is less soluble in water and less deliquescent than 
ordinary active malic acid. (Pasteur.) 

The Malates are neutral = C g H 4 M 2 0 10 , and acid ==C 8 H 5 M0 10 . When 
subjected to dry distillation, they swell up, and, according to Unverdorben, 
give off two empyreumatic oils of different degrees of volatility. Between 
2.50° and 300°, the malates of the fixed alkalis are converted, with loss 
of water, into fumarates. (Hagen.) 

C 8 H 4 M 2 0 10 = C 8 H 2 M 2 O s + 2 HO. 

Nearly all malates are soluble in water.—The optically active and 
inactive modifications of malic acid yield respectively active and inactive 
malates. (Pasteur.) 

Malate of Ammonia. — a . Neutral. — Uncrystallizable, very soluble. 
(Braconnot.) 

b. A aid. — Preparation (p. 208, 1,5)* Large, transparent, colourless prisms 
belonging to the right prismatic system. Fig. 75, y:y=J10° 45'; 
y : m = 125° 40'; m :u=z 125°; u f : u = 109° 20'; n' : n = 138° 54'. 
(Nickles ; according to an epistolary communication, in which the numbers erro¬ 
neously printed in the Compt. rend, are corrected; comp, also Kobell, Repert. 71, 320.) 
The crystals have an agreeably acid saline taste (L. A. Buchner, Repert. 
71, 320); they are permanent in the air (Braconnot), and do not diminish 
in weight, even at 100° in a stream of dry air. (Buchner.) They dis¬ 
solve very readily in water, but are insoluble in alcohol and ether 
(Braconnot, Buchner), and dissolve but very slowly in dilute alcohol. 


Liebig.) 



Buchner. 

i^rysiais. 


8 C. 

. 48 ... 

. 31*79 ... 

. 32*69 

N . 

. 14 ... 

. 9*27 ... 

. 9*28 

9 H . 

. 9 ... 

. 5*96 .... 

. 6*07 

10 O . 

. 80 ... 

. 52*98 ... 

. 51*96 

C 8 H 5 (NH 4 )0 10 . 

. 151 ... 

. 100*00 .... 

. 100*00 


Liebig also obtained by combustion of the crystals, 1 vol. nitrogen gas to 8 vol. 
carbonic acid. 

IT. According to Pasteur (Ann. Pharm. 82, 331), the acid ammonia- 
salt of ordinary (optically active) malic acid forms crystals belonging to 
the right prismatic system, often with hemihedral faces. Their specific 
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gravity compared with that of water at 3 2*5, is 1*5500. — Dissolves in 
3*11 pts. of water at 15*7°. The solution rotates the plane of polarization 
of a ray of light. Heated in the oil-bath to 160° —200°, it is converted 
into a sparingly soluble substance, C 8 NH 4 0 5 —C 8 NPFO 8 —3 HO=Aspartic 
acid minus water (p. ). 

C s tI 5 (NH 4 )0 10 = C 8 NH 4 0 5 + 5HO. 

Ammonia escapes, however, together with the water, and the residue 
contains fumaric and maleic acid, together with malic acid both active 
and inactive. 

The acid ammonia-salt of inactive malic acid forms two kinds^ of 
crystals, (a) The solution when evaporated first yields crystals having 
the same composition as the active ammonia-salt, and the same form, 
with exception of the hemihedral faces, which are absent. — (6) The 
mother-liquor separated from these crystals deposits after a while, large, 
hard, transparent crystals containing 2 At. water more than the salt a , 
and belonging to the oblique prismatic (monoclinometric) system. They 
are decomposed by heat in the same manner as the active salt. 


Crystallized. 

8 C . 

. 48 .. 

.. 28*40 ... 

Pasteur. 
. 28*25 

N ... 

. 14 .. 

. 8*23 


11 H . 

. 11 .. 

... 6*51 ... 

. 6*40 

12 0 . 

.. 90 .. 

... 56*81 


C s H 5 (NH 4 )0 10 + 2 Aq. . 

. 169 . 

.. 100*00 



When the acid ammonia-salts of the two varieties of malic acid are 
heated in the same oil-bath, they exhibit, at temperatures differing 
but little from one another, the same alterations, viz loss of water and 
ammonia, and formation of the insoluble substance C 8 NH 4 0 5 . (Pasteur.) *[[. 

Malate of Potash. — a. Neutral. — Uncrystallizable, deliquescent, 
insoluble in strong alcohol. (Braconnot.)— b. Acid. — Crystals, perma¬ 
nent in the air, soluble in water, insoluble in alcohol (Donovan); con¬ 
taining in the dried state 24*3 per cent, of potash. (Dobereiner.) 

Malate of Soda. — a. Neutral. — As with potash. — b. Acid .— 
Crystalline, permanent in the air, soluble in water, insoluble in alcohol. 
(Donovan.) 

Malate of Lithia. — In the neutral as well as in the acid state, it 
forms a syrupy uncrystallizable mass, which does not harden even in 
warm air. (C. G. Gmelin.) 

Malate of Baryta. — a. Neutral. — I. The acid neutralized with 
baryta-water, leaves on. evaporation a gummy mass, which is permanent 
in the air and soluble in water (Braconnot); when evaporated at a gentle 
heat, it yields crystalline scales, containing, after drying in the air, 2 At. 
water, one of which they give off at 30° and the other at 100°; they 
dissolve very readily in water; but on boiling the solution, the salt is 
deposited in the anhydrous state. (Hagen.) 

2. The aqueous acid cannot be completely neutralized by boiling 
with excess of carbonate of baryta. (Liebig, Hagen.) 

a. The acid saturated in the cold with carbonate of baryta yields by 
evaporation in vacuo (the quantity of acid in the mother-liquor increas- 
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ing), thin transparent laminoo, which are neutral, dissolve readily in 
water, and give off 10*6 p. c. water at 220° (at 100°, they give off a 
smaller quantity and retain their solubility). 

j3. The saturated solution of these laminae, and likewise malic acid 
saturated with carbonate of baryta, becomes turbid when boiled, and 
deposits a heavy crystalline meal consisting of insoluble anhydrous salt. 
(Richardson & Menzdorf.) The acid saturated while warm with car¬ 
bonate of baryta, likewise deposits on evaporation, first, white amorphous 
crusts of the neutral anhydrous salt, and lastly films of a salt which has 
an acid reaction, and is soluble in water; the last deposited crusts of the 
neutral salt, on the contrary, do not dissolve either in cold or in boiling 
water, but readily on addition of a trace of nitric acid. (Liebig.) 

Hagen Liebig 

(1) at 100°. 2, j3 . 

2 BaO . 153*2 .... 56*91 56*55 . 56*44 

C 8 H 4 O s . 116*0 ... 43*09 

C s H 4 Ba 2 0 10 . 269*2 .... 100*00 

Rich. & Menzdorf 
2, a. 

2 BaO . 153*2 .... 50*19 

C 8 H 4 0 8 . 116*0 .... 38*01 

4 HO . 36*0 . 11*80 10*6 

C s H 4 Ba 2 0 10 + 4Aq. 305*2 .... 100*00 

The salt (1) dried at 30°, contains 54*44 p. c. baryta (therefore 1 At. 
water); and the air-dried salt contains 52*93 p. c. baryta (therefore 2 At. 
water). (Hagen.) [According to this, the salt should be different from 2, a.] 

b. Acid .— CJncrystallizable, more translucent, and more soluble in 
water than a. (Braconnot.) 

Braconnot formerly distinguished a basic salt which he stated to be deposited in 
white flakes on strongly supersaturating the acid with baryta-water; but, according to 
Lassaigne, an excess of baryta-water does not render the acid turbid; and according to 
Liebig, it does not produce turbidity in a solution of acid malate of ammonia; and 
Braconnot himself, in a later communication (Ann. Chim . Phys. 51, 331,) states that 
baryta-water does not produce turbidity in the acid. 

Malate of Strontia. — a. Neutral .— 1. The acid is not rendered 
turbid by strontia-water (Lassaigne), and the mixture yields by rapid 
evaporation, a gum ; by slow evaporation, a white translucent crystallo- 
granular mass; the salt is permanent in the air, and dissolves readily in 
water. (Braconnot.) — 2. The aqueous acid digested with carbonate of 
strontia, still retains the power of reddening litmus slightly, and after 
sufficient evaporation, deposits nodular masses. (Hagen.) 

Anhydrous. (2) dried at 100°. Hagen. 

2 SrO. 104 .... 47*27 2 SrO. 104 .... 43*70 .... 44*10 

C 8 H 4 0 8 . 116 .... 52*73 C 8 H 4 0 8 116 .... 48*74 

2 HO ... 18 .... 7*56 

C 8 H 4 Sr®0 10 .. 220 .... 100*00 + 2Aq. 238 .... 100*00 

The air-dried salt (2) contains 41*17 p. c. strontia (Hagen). 

b. Acid. — Deposited in the crystalline form on mixing the aqueous 
solution of the neutral salt with malic acid; does not melt in the fire; 
dissolves sparingly in cold, readily in hot water. (Braconnot.) 
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Malate of Lime. — a. Neutral . — 1. The acid does not become turbid 
on addition of excess of lime-water (Braconnot, Ann. Chim . Phys . 51, 331; 
Lassaigne); not even in concentrated solutions and on the application.of 
heat, — a character by which malic is distinguished from citric acid. 
(H. Rose, Pogg. 31, 210; Winckler); according to Hagen, on the con¬ 
trary, on heating the mixture [still more concentrated 1 ?] the anhydrous 
neutral salt is separated in the form of a granular powder. At all events 
there does not appear to be any basic salt precipitated, as was formerly supposed by 

Braconnot -The acid neutralized with lime-water yields on evaporation 

in vacno (an acid mother-liquor remaining) large, thin, shining laminae, 
which dissolve readily in water, and after drying in vacuo at ordinary 
temperatures, give off all their water =17 p. c. (4 At.) at 180°, and 
about half of it at 100°. Their aqueous solution, when left to eva¬ 
porate in the air, again yields laniinse, but when heated to the boiling 
point, deposits a white, granular, nearly insoluble salt with 2 At. water. 
Hence the laminae, in parting with half their water, likewise lose their 
solubility. (Richardson & Menzdorf, Ann. Pharm . 26, 135.) 

2. Dilute malic acid agitated in the cold with excess of carbonate of 
lime, remains strongly acid; hut the filtrate, when boiled, coagulates to 
a pulp composed of granules of the bihydrated neutral salt, which is 
nearly insoluble in water and in aqueous malic acid. (Richardson <fc 
Menzdorf.) Impure malic acid is not completely neutralized by digestion 
with excess of carbonate of lime, but with pure acid the neutralization 
is perfect. (Braconnot.) Even the pure acid is not completely neu¬ 
tralized. (Hagen.) From the solution thus obtained, the neutral salt 
separates in four-sided prisms, which grate between the teeth, dissolve in 
83 pts. of cold and a somewhat smaller quantity of hot water (Las- 
saigne); or as a granular powder of anhydrous salt, which is nearly 
insoluble both in hot and in cold water. (Hagen.) 

3. The same granular powder is thrown down from the aqueous solu¬ 
tion of the acid salt by several hours’ boiling. (Hagen.) 

4. A mixture of aqueous chloride of calcium and neutral malate o 
soda deposits, after a while, the neutral malate of lime in transparent 
crystalline grains. This salt scarcely froths up in the fire; it is com¬ 
pletely decomposed by the soluble alkaline carbonates. It dissolves in 
147 pts. of cold water, forming a solution which tastes somewhat like 
nitre, and in at most 65 pts. of boiling water, from which it does not 
separate on cooling. (Braconnot.) 

5. The solution of acid malate of lime, neutralized with a soluble 
alkaline carbonate, yields by evaporation at a gentle heat, hard shining 
crystals of the neutral salt, which contain 5 At. [or 6 At,] water, give 
off 1 [or 2] At. water at 100°, assuming the appearance of porcelain, 
and are completely dehydrated at ] 50°. (Hagen.) 

6. The granular salt, left to itself in the moist state for two days, 
takes up water, and is converted, under circumstances not yet deter¬ 
mined, into rough, translucent, globular crystals, which, after drying 
in the air, whereby they are rendered opaque, give off 22'49 p. c. (6 At.) 
water at 200°. (Dessaignes & Chautard, N t J. Pharm. 13, 243.) 

Neutral malate of lime; kept for some months under a shallow layer 
of water in a vessel covered with paper, is converted into succinate. 
(Dessaignes.) During the winter, crystallized hydrated carbonate of 
lime and a mucous organization are likewise produced; but in the 
summer months, the sole product consists of needles of succinate of lime, 
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which gradually rise above the diminishing malate of lime, while a small 
quantity of gas is given off. (Dessaignes, Gompt. rend. 28, 16.) 

When a mixture of 4 pts. of malate of lime, 24 pts. of water, and 
1 pt. of yeast, (or a smaller quantity of putrefying cheese or fibrin,) 
is set aside in a warm place, a tolerably brisk evolution of pure carbonic 
acid gas takes place; the muddy lime-salt begins in the course of 3 days, 
to become granular and heavy; and after the evolution of gas is termi¬ 
nated, appears under the microscope to consist of transparent needles 
united in stellate groups, and composed of succinate and carbonate of lime. 

The supernatant liquid contains acetate of lime. 

If too much yeast or cheese is used, or if the mixture becomes 
too hot, hydrogen gas is evolved as well as carbonic acid, and possibly 
in equal volume, and in that case there is obtained but little succinic 
and acetic, but a large quantity of butyric acid, and a colourless, volatile 
oil, smelling of apples, which may be obtained by distilling the liquid; 
this oil dissolves readily in water, and may be separated therefrom by 
chloride of calcium or carbonate of potash; it, however, dissolves a larger 
quantity of chloride of calcium in the dry state. For the fermentation 
in which succinic and acetic acid are produced, and pure carbonic acid 
is evolved, the equation is : 

3C S H 6 0 10 = 2C 8 H b *0 8 + C 4 H 4 0 4 + 4C0 2 + 2HO. 

For the fermentation, when hydrogen is evolved : 

2C 8 H G 0 10 = C 8 H 8 0 4 + 8CO 2 + 4H ; 

or, if the evolution of hydrogen is subsequent to the formation of suc¬ 
cinic acid: 

3C 8 H 6 0 8 = 2C S H 8 0 4 + 8C0 2 + 2H. 

[The formation of the volatile oil is not here taken into account.] — Part of the 
carbonic acid remains with the lime. (Liebig, Ann . Pharm. TO, 104, and 
363.) 

IT According to E. J. Kohl (Ann. Pharm . 78, 252), malate of lime 
fermented with putrefying casein, gives off nothing but carbonic acid, 
and yields principally lactate of lime, with small quantities of succinate, 
acetate, and carbonate. W. Baer, (Arch. Pharm . [2], 69, 147,) ob¬ 
tained a similar result with the juice of mountain-asli berries, neutralized 
with carbonate of lime, mixed with beer-yeast, and left to stand at 
ordinary temperatures.—Winckler (Jahrb. pr. Pharm. 22, 300) found 
a large quantity of lactic acid in the acid residue of cider, and sup¬ 
poses it to have been formed by fermentation of the malate of lime 
contained in the juice of the apples. — Rebling (Arch. Pharm . [2], 67, 
300) observed that, in the fermentation of malate of lime, valerianic 
acid is formed as well as succinic and butyric acid. IT. 

Rich. M. Hagen 

(I) at 200°. (2). 

2 CaO . 56 .... 32*56 32*00 32*19 

C 8 H 4 0 8 . 116 .... 67*44 

C 8 H 4 Ca 2 0 10 .172 .... 100*00 

Rich. M. Dess. Ch. 

(1) at 100°. (6) at 100°. 

2 CaO . 56 .... 29*48 31*03 30*96 

C 8 H 4 0 8 . 116 .... 61*05 

2 HO . 18 .... 9*47 

____ ^ ^ — 10 Q.QQ ““ " 
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Hagen Rich. M. 

(5) at 100°. (1) air-dried, 

.. 27-38 

. 17-00 

C 8 H 4 Ca 2 0 10 + 4Aq. 208 .... 100*00 


2 CaO . 56 .... 26*92 . 

C s H 4 O s . 116 .... 55-77 

4 HO . 36 .... 17*31 . 


2 CaO . 

C 8 H 4 O s . 

6 HO . 

. 56 . 

. 116 . 
. 54 

... 24-78 
., 51*33 

. 23 89 

Hagen 

(5) air-dried . 
. 26*11 . 

Dess. Ch. 

(6) air-dried. 
... 24*56 

... 22*49 

C 8 H 4 Ca 2 0 + 6Aq. 

226 . 

... 100*00 




The salt obtained by saturating the impure acid from apples with 
excess of carbonate of lime, reddens litmus slightly, dissolves readily 
in cold water, and is precipitated therefrom by alcohol, in the form of 
a greasy substance, which dries up to a varnish. (Scheele.) 

IT When a solution of inactive malic acid is neutralized with lime- 
water, no turbidity is produced; but on addition of alcohol, the neutral 
lime-salt is deposited in white amorphous flakes. Ou boiling the 
neutralized aqueous solution, a granulo-crystalline precipitate is formed, 
having the composition C 8 H 4 Ca 2 0 10 , and but sparingly soluble in 
water, either hot or cold. — When a solution of acid malate of am¬ 
monia containing the inactive acid, is mixed with a soluble lime-salt 
and excess of ammonia, no precipitate is formed at first, but after 24 
hours, transparent crystals united in nodules are formed, containing 
C 8 H 4 Ca 2 O 10 +5Aq. (Pasteur.) IT. 

b. Acid . — May be prepared from the stems of Geranium zonale 
(Braconnot). Also from the berries of Rhus gldbrum or copallinum } by 
exhausting them with hot water, evaporating the infusion, decolorizing 
it with animal charcoal previously purified with hydrochloric acid, 
evaporating the filtrate further, setting it aside to crystallize, and puri¬ 
fying the resulting crystals, if necessary, by recrystallization. (Rogers, 
Sill. Am. p. 27, 294 ) — The solution of the neutral salt in warm dilute 
nitric acid, deposits the acid salt in crystals on cooling. (Hagen.) — The 
clear, shining prisms and needles of this salt, which contain 8 At. water, 
belong to the right prismatic system. Pig, 68 without the i-face; y : y 
= 122° 18'; p:y=zl52° 13 p : t = 90°; y : u = 101° 5 t : u = 
125° 20'; u':it= 129° 25'. (Nickles, epist, communication.) Braconnot, 
Wackenroder and Rogers have given similar descriptions of the crystals, 
whereas Hagen obtained rhombic octohedrons. —IT According to Pasteur, 
the acid lime-salt, prepared with the optically octave (ordinary) acid 
often exhibits hemihedral faces; while the salt prepared with the inactive 
acid exhibits the same crystalline form, but without hemihedral faces. T. 
— The crystals have an agreeably acid taste (Rogers), stronger than 
that of cream of tartar (Braconnot). — At 100°, they give off 22*37 p. c. 
(nearly 6 At.) water, and at 180°, 31*06 p. c. (nearly 8 At.) in all. (Rich¬ 
ardson & Menzdorf). When exposed for 8 days to a temperature of 
100°, they give off only 19 or 20 per cent, of water, and leave a mass 
which draws out into threads when heated. At a somewhat higher tem¬ 
perature, they swell up, give off 22-53 p. c. water, and leave a trans¬ 
parent gum (Braconnot), which, when strongly heated, gives only 
pungently acid and tear-exciting vapours, becomes carbonized, with 
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light appearance of fire (Wackenroder), and finally leaves a white, 
tumefied, calcareous mass. (Rogers.) — The crystals dissolve in 50 pts. 
of cold water, more abundantly in hot water, and crystalline on cooling 
(Trommsdorff); they dissolve sparingly in water (Braconnot); abundantly 
(Rogers). By alcohol, which takes away the acid, they are converted 
into the neutral salt (Braconnot); they are insoluble in boiling 96 per 
cent, alcohol; boiling 70 per cent, alcohol dissolves them, leaving a 
white powder of salt a; and the solution, on cooling, yields crystals of 
salt b , while a super-acid lime-salt remains in solution. (Wackenroder.) 


CaO ... 
C 8 H 5 0 9 
S HO. 


C 8 H 5 Ca0 10 + 


Crystallized. 


8Aq. 


28 .... 12*44 
125 .... 55'56 
72 ... 32*00 


225 


100*00 


Braconnot. Wackenr. Rogers. 
,.. 11*99 .... 13*0 .... 12*5 

... 22*53 


Hagen. 

13*69 


Hagen, from his own analysis, which however differs from all the rest, supposes 
the crystals to contain only 6 Aq. 

Malate of Lime and Ammonia. — Obtained by combining a malate of 
lime containing a large excess of acid, with ammonia. Crystallizes in 
the form of acid malate of lime, although it contaius hut very little lime. 
(Braconnot.) 

Malate of Lime and Fotash. — When potash is added to a lukewarm 
solution of neutral malate of lime, two such compounds are formed, the 
one being precipitated, while the other remains in solution, and refuses 
to crystallize. (Braconnot.) 

Malate of Lime and Soda . — Carbonate of soda scarcely produces 
any turbidity in a solution of acid malate of lime, even on application of 
heat. (Braconnot.) 


Malate of Magnesia. — a. Neutral . — a . Anhydrous. — Obtained by 
precipitating a concentrated solution of the salt 7 with absolute alcohol, 
washing with alcohol the thick flakes, which melt when, heated into a 
mass that may be drawn out into threads, and drying them at 100 °, 
(Hagen.) 

a . Hagen. 

2 MgO . 40 .... 25.64 . 27*02 

C 8 H 4 0 8 . 116 ... 74*36 


C 8 II 4 Mg-0 10 . 156 . .. 100*00 

/3. With 2 At. Water. — Obtained by drying the crystals 7 at 100 °. 
(Liebig, Hagen.) 

7 . With 10 At. Water. — The boiling dilute acid is saturated with 
magnesia, the neutral filtrate evaporated till it forms a crystalline 
film, and the solution left to crystallize by cooling. (Hagen.) The crys¬ 
tallization takes place with facility Braconnot). The crystals are thick 
rhombic prisms, having a bitterish taste (Lassaigne). They are per¬ 
manent in the air (Donovan); they effloresce in the air, and give oif 
29*5 to 30 0 p. c. (8 At.) water at 100 °, but no more at higher tempera¬ 
tures, not even at the heat of a boiling solution of chloride of calcium. 
(Liebig.) They froth up in the fire ; dissolve in 28 pts. of water. 
Donovan. — The salt of the impure acid deliquesces in the air (Scheele). 
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2 MgO . 

C 8 H 4 0 8 . 

2 HO . 

0 

. 40 .. 

. 116 .. 

. 18 . 

... 22-99 . 

... 66*67 
.. 10*34 

Liebig. 

... 23*45 .... 

Hagen. 
.... 23-25 

C s H 4 Mg 2 0 10 + 2Aq. 174 , 

... 100*00 




y 



Hagen. 

2 MgO . 


. 40 . 

... 16-26 .... 

.... 16-66 

C 6 H 4 0 3 . 

.. 

. 116 .. 

... 47*15 


10 HO . 

. 

. 90 . 

... 36-59 


C 8 H 4 Mg 2 O 10 + 10Aq. 

. 246 .. 

. . 100-00 



b. Acid. — Formed by half saturating tbe aqueous acid with carbonate 
of magnesia, and evaporating. — Flat prisms, which give off 2 At. water 
at 100°, and melt at a stronger heat (Hagen.) Transparent gum, per¬ 
manent in the air; its solution mixed with potash, yields a precipitate 
of basic malate of magnesia and 'potash. (Braconnot.) 

Dried at 100®. Hagen. 


MgO . 

C 8 H 4 0 3 . 

2 HO . 

.. 20 .. 

.. 125 .. 

.. 18 .. 

12*27 .... 
... 76-69 
... 11*04 

.... 13*29 

C 8 H 4 Mg 2 0 10 + 2Aq . 

... 163 . 

... 100*00 


Crystallized . 



Hagen. 

MgO . 

.. 20 . 

... 11-05 .... 

.... 11*95 

C s E 4 0 8 . 

... 125 . 

... 69 06 


4 HO . 

. 36 . 

... 19*89 



C s H 4 Mg-0 10 + 4Aq. 181 .... 100*00 

Malate of Yttria. — 1. When an aqueous solution of malic acid is 
poured upon carbonate of yttria, part of the resulting salt dissolves, and 
is obtained by evaporation in small white nodules. — 2. Neutral alkaline 
malates throw down from yttria-salts — when the solutions of the two 
salts are concentrated and mixed in due proportion — a white, almost 
crystalline powder, which remains in white granules when its aqueous 
solution is evaporated. — The air-dried salt is C 8 H 4 Y 2 0 lf> -f 2 Aq. — It 
does not give off its water at 110 °, and is but slowly decomposed at 
higher temperatures. It dissolves in 74 pts, of water; its solution in 
aqueous malic acid deposits the neutral salt unchanged, the excess of 
acid remaining in the mother-liquor. It dissolves abundantly in aqueous 
malate of soda, and does not crystallize out again on evaporation. 
(Berlin.) 

Malate of Alumina. — Basic. — Sparingly soluble in water. 
(Braconnot.)— 6 . Neutral. — Transparent gum, whiclifreddens litmus 
slightly, is permanent in the air, and dissolves readily in water, forming 
a solution which is not precipitated by potash or ammonia. 

Uranic Ma.la.te. — The impure salt has a pure yellow colour, and is 
sparingly soluble in water. (Richter.) 

Manganous Malate. — a . Neutral. — Obtained by saturating the 
acid with carbonate of manganese. Uncrystallizahle, gummy* very 




















MALIC ACID. 


221 


soluble.— b, Acid - — Precipitated as a white powder on adding malic acid 
to the solution of a; from solution in hot water, it separates in transparent, 
rose-coloured crystals. Does not melt in the fire, but decomposes with 
intumescence; dissolves in 41 pts. of cold water. (Braconnot.) 

Malate of Zinc.— a. Basic, — Remains in the form of a whitish 
crystalline residue, on dissolving the neutral salt in water; contains 48*11 
p. c. oxide. (Braconnot.) The solution obtained by continuous boiling of 
the aqueous acid with carbonate of zinc, solidifies on cooling to a tremulous 
jelly, which when diffused in water and boiled for a considerable time, is 
converted into a sandy powder. This powder is not decomposed by 
water at 100°, but at 200° it gives off water, and is partially converted 
into fumarate of zinc; for when the solution obtained by continuous 
boiling with water, and then is concentrated to a small bulk with 
addition of a little nitric acid, it deposits crystals of fuinaric acid. 
(Hagen.) 

Dried at 200°. Hagen. 

3 ZnO . 120*6 ... 50 97 . 49 : 03 

8 C. 48 0 .. 20*29 . 21*86 

4 H . 4*0 .. 1*69 . 1*84 

8 0 . 64*0 27*05 . ... 27*27 


ZaO.CWZn-'O 10 . 

236*6 . 

... 100*00 ... 

. 100 00 

Dried at 100*. 
3 ZnO . 

120*6 . 

... 44*29 ... 

Hagen. 
.... 44*34 

8 C . 

48*0 . 

... 17*56 ... 

. .. 19*22 

8 H . 

8*0 . 

.. 2*93 ... 

. .. 2 60 

12 0 . 

96*0 . 

. 35*22 . . 

. .. 33*84 


Zn0,C 8 H 4 Zn 2 0 10 + 4Aq. 72*6 .... 100*00 . 100*00 


Hagen prefers other formulae which certainly agree better with the analyses : viz. 
for the salt dried at 200°: 3Zn0,C 8 H 4 0 8 (basic malate of zinc) + Zn0,C 4 H0 3 (| At. 
fumarate of zinc); and for the salt dried at 100°, the same formula +4 At. water; he 
admits however that no fumarie acid can be obtained from the latter. 

b. Neutral . — a. When the aqueous acid is saturated with carbouate 
of zinc at a temperature below 30°, the filtrate deposits, after a while, 
small shining crystals which gradually but completely give off their 6 At. 
water at 100°. (Hagen.) 

ft. When, on the other hand, the acid is saturated at a high tempera¬ 
ture, and the solution filtered from the salt a, which separates on cooling, 
and further evaporated, crystals are deposited, containing indeed 6 At. 
water, but having a different form, and obstinately retaining about 1| At. 
water at 100°. (Hagen.) They are short, hard, strongly lustrous four- 
sided prisms (square, according to Lassaigne), perpendicularly truncated, 
or bevelled with two faces; they redden litmus. (Biaconnot.) They 
become opaque at 100°, giving off 10 per cent, of water, and at 120 , 
swell up and crumble to a white powder, giving off’ at the same time 
10 p. c. more water. (Liebig.) They dissolve (leaving a small residue of 
salt a) in 55 pts (67 pts. at 20°, according to Lassaigne) of cold, and 
10 pts. of boiling water, from which the salt does not separate on cooling. 
(Braconnot.) 

a dried at 100°, or ft above 100°. Hagen. Lassaigne. 

2 ZnO . 80*4 .... 40*93 . 40*80 . 40*74 

C 8 H 4 O s . 116*0 ... 59*07 

C 8 H 4 Zn 2 0 10 . 196*4 .... 100*00 
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2 ZnO. 

8 C. 

6 H. 

10 O. 

j3, dried at 100°. 

. 80*4 .... 

. 48 f 0 .... 

. 6*0 .. 

. 80*0 . 

37*50 ... 
22*39 ... 
2*80 ..„ 
37*31 .. 

Hagen. 

. 38*32 .... 

. 22*74 

. .. 2*51 

. . . 36*43 

. Liebig. 
... 37-75 

Braconnot. 
. 35*50 

C 8 H 4 Zn 2 0'° + 2Aq. ... 214-4 .... 

100*00 .. 

.. 100*00 




Hagen, in accordance with his own analysis, supposes this salt to contain only 

1 or Aq. 

jS. Air-dried crystals, Braconnot. Liebig. Hagen. 

2 ZnO . 80*4 ... 32*11 . 31*S5 . 32*71 . 32*17 

C s H 4 0 8 . 116*0 .... 46*33 . ... 46*73 

6 HO . 54*0 .. 21*56 .... . 20*56 


C s H 4 Zn 2 Q 10 + 6Aq. 250*4 .... 100*00 100*00 


c. Acid . — Obtained by supersaturating tbe salt b with the acid, and 
washing the resulting crystals with alcohol. Elongated square-based 
octohedrons, which swell up when heated, giving off 8*33 p. c. water, 
and are converted into a gum; they dissolve in 23 pts. of cold water. 
(Braconnot.) 

Anhydrous . 

ZnO. 40*2 .... 24*33 

C s H 5 0 9 . 125*0 .... 75*67 


C 8 H 5 Zn0 1Q . 165*2 .... 100*00 

Gum. Braconnot. H agen. 

ZnO . 40*2 .... 21*94 . 21*59 . 21*34 

C: s H 5 0 9 . 125*0 .... 68*23 

2 HO. 18 0 .... 9*83 


C s H 5 Zn0 10 •+ 2Aq. 183*2 .... 100*00 


Braconnot. 

ZnO . 40*2 .... 19*98 .... 19*79 

C s H 3 0 9 . 125*0 .... 62*13 

4 HO . 36*0 .... 17*89 


C 8 H 3 Zn0 10 4- 4Aq. 201*2 .... 100*00 


Malate of Zinc and Ammonia. — Neutral malate of zinc is partially 
decomposed by ammonia, with formation of a double salt. (Braconnot.) 

Malate of Tin. Uncrystallizable; easily soluble; becomes some¬ 
what moist on exposure to the air. 


Malate of Lead. a. Basic. — Formed by digesting the neutral 
salt with ammonia. Flocculent powder which does not soften in boiling 
water. (Braconnot.) Dense and hard or granular mass, insoluble in 
water. 

. ^ When a solution of a salt of either active or inactive malic acid 
mixed with ammonia is precipitated with acetate of lead, the pre¬ 
cipitate is in either case an anhydrous ha^ic salt 4PbO C 8 H 4 0 8 Tor 
2PIO C’HWCP]; this formula r/quires 79-4 p. c. oS of lead wlSe 
the salt prepared with the inactive acid gave 79-1, and that prepared 
with the active acid gave only 77 4, and in another case ?4'5 p. c (it 
was probably contaminated with acetate of lead). This basic salt does 
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not become crystalline by keeping, and does not melt in boiling water; in 
water acidulated with acetic acid, it melts witli considerable diminution 
of volume. (Pasteur.) IT 

b. Neutral . — The cold aqueous acid added to neutral acetate of lead, 
throws down bulky flakes which in a few hours aggregate in needles. 
(Braconnot, Vauquelin, Wohler.) [The precipitate formed by inactive 
malic acid is amorphous at first, and takes a longer time to become crys¬ 
talline than the active acid. (Pasteur.)] — Malic acid does not precipitate 
nitrate of lead unless it contains lime. (Gay-Lussac.) Neutral inalate of 
potash throws down from acetate of lead a mixture of neutral and basic 
salt. (Braconnot.) According to Rieckher, on the contrary (Ann. Pharm. 
39, 23), acid malate of ammonia added to tribasic acetate of lead, forms, 
with evolution of ammonia, a non-crystallizing, curdy precipitate, which 
however has the composition of the neutral salt; and Goupii found ( Corrupt. 
rend. 23, 52) that the precipitated neutral salt forms neetlles after a few 
hours, only when the supernatant liquid contains a little free malic, 
acetic, or nitric acid, and therefore not when the acetate of lead has been 
precipitated by a neutral malate of one of the alkalis. 

From a solution in hot water or in the hot aqueous acid, neutral malate 
of lead always separates in crystals, which are colourless, litmus-red¬ 
dening, silky needles united in tufts, or four-sided, obliquely truncated 
prisms, or silvery micaceous laminm; when immersed in boiling water, 
they melt to a resinous mass which draws out into threads, and hardens 
into a brittle mass on cooling. (Braconnot.) [Inactive malate of lead 
melts under boiling water like the ordinary active salt, and separates from 
the solution, when left to cool quietly, in the form of an amorphous pre¬ 
cipitate which slowly becomes crystalline. (Pasteur.)] — The crystals 
give off 14 p, c. (6 At.) water'when heated; the recently precipitated 
salt, which has not yet become crystalline, contains the same quantity of 
water, and may therefore pass into the crystalline state without immer¬ 
sion in a watery liquid. (Pelouze.) The crystals melt and give off their 
water at 100°, and the remaining anhydrous salt, when further heated to 
220°, is converted, with additional loss of 2 At. water, into fumarate of 
lead containing 69*33 p. c. PbO, 14*94 C, 1*16 H, and 3 4*57 0. (Rieckher.) 
At a still higher temperature, the residue burns with intumescence. 
(Braconnot.) The crystals dissolve very sparingly in cold water, some¬ 
what better in hot water (less readily after passing into the resinous 
state), and separate out again on cooling. (Braconnot, Vauquelin.) 
Boiling aqueous acetic or malic acid does not exert a much more 
powerful solvent action on the salt than water, and on cooling deposits 
nearly the whole of it in the crystalline form. (Braconnot.) — The salt 
dissolves readily in nitric acid. With aqueous ammonia and with a hot 
aqueous solution of hydro chi orate, nitrate, or succinate of ammonia, it 
forms a clear solution; with a hot solution of sulphate of ammonia, first 
a clear and then a turbid solution, and with carbonate of ammonia, a 
permanently turbid solution. (Wittstein.) According to Rogers, it is 
insoluble in ammonia. — Donovan supposed that the salt does not dis¬ 
solve in water as such, but in the form of an acid salt, while a basic salt 
remains behind. But, according to Lassaigne, the crystals dissolve com¬ 
pletely when a sufficient quantity of water is present. 

The compound of impure malic acid with oxide of lead is white, 
yellow, or brown, dissolves but very sparingly in boiling water, and is 
precipitated therefrom on cooling, not in crystals but in flakes: according 
to Vauquelin and Braconnot, it dissolves readily in vinegar. 
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Dried at 130 c 


Liebig. 

Pelouze. 

Luck. Dobereiner. 

2 PbO. 

. 224 .... 

65*88 

... 65 35 

... 65*39 . 

... 65*70 . 

. . 05*1 

8 C . 

. 48 .... 

14*12 . 

... 14*38 . 

... 14*36 . 

... 14*27 . 

... 11*4 

4 H . 

. 4 ... 

1*18 . 

1*26 

1-26 . 

1*22 . 

1*0 

8 O . 

. 64 .... 

18*82 

. . 19*01 . 

.. 18-99 . 

... 18*81 . 

. 22*5 

C 8 H 4 Pb 2 0 10 ... 

. 340 .... 

100*00 . 

... 100-00 .. 

... 100*00 . 

... 100*00 . 

... 100-0 


In the salt, probably dried at a different temperature, Vauquelin. found G7 P- o*, 
Braconnot 61-15, and Lassaigne 57"39 p. o. oxide of lead. 


Air-dried crystals. 

2 PbO . 

8 C . 

224 

48 

10 

112 

... 56 85 
. 12*18 
.. 2*54 

. 28*43 

Piria. 

. 56*66 

. 12*20 

10 H . 

14 O . . 

.... 2*49 

28*65 

C 3 H 4 B-O 10 + 6Aq. 

394 . 

... 100 00 

. 100*00 

Or: 



Pelouze. 

C 3 H 4 Pb“0 10 . 340 .... 

. 86*29 ... 

.... 86 

6 HO 

54 .. 

. 13*71 . 

.. 14 


C 8 H 4 Pb 2 0 10 + 6Aq. 394 .... 100-00 . 100 


The crystals of the optically inactive salt have the same composition, (Pasteur.) 

Malate of Lead and Ammonia. — Formed by decomposing neutral 
malate of lead with ammonia. Soluble, crystallizable. (Braconnot.) 

Malate of Lead and Zinc. — Precipitated on mixing malate of lead 
witli tbe neutral acetate. (Braconnot.) 

Ferric Malate, — Both tbe neutral and tbe acid salt are brown, 
gummy, permanent in the air, readily soluble in water and alcohol. 
(Scheele, Braconnot.) Ferric salts mixed with malic acid are not pre¬ 
cipitated by alkalis. (H. Rose.) 

Cupric Malate. — a. Basic. — a. With 4 At. Water. — Remains in 
tbe form of a green powder insoluble in the aqueous acid, when carbonate 
of copper is boiled with excess of malic acid. (Liebig.) 

/3. With 5 At. Water. — The solution of hydrated cupric oxide in 
cold concentrated malic acid deposits, on addition of alcohol, a blue- 
green salt, which redissolves in water and appears to contain 5 At. water. 
Tbe latter solution has an acid reaction, and deposits tbe salt a when 
boiled, but tbe salt 7 after standing for several days. 

7 . With 6 At. Water. —When carbonate of copper is left to stand in 
tbe cold with the aqueous acid, a solution is obtained which deposits the 
salt a when boiled, but when evaporated in vacuo or below 40° (in which 
case a colourless mother-liquor remains, containing free acid), yields dark 
green crystals of tbe salt 7 , which turn blue when dried in vacuo over 
oil of vitriol. (Liebig.) 


a. dried over oil of vitriol. Liebig. 

3CuO. 120 .... 44-12 . 43-83' 

8 C. 4S . 17-G5 17-90 

8 H . 8 .. 2-94 3-06 

12 O . 96 . 35-29 35-21 


r.,n r.8H 4 f:n20 10 4 4 Aq. 272 . 100-00 . 100-00 
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Liebig. 

3CuO . 

.. 120 . 

... 41-38 .... 

.... 41*22 

8 C' . 

.. 48 . 

... 16*55 


10 H . 

. 10 . 

... 3*45 


14 O. 

. 112 . 

. 38*62 


CuO.C’H'CtfO 111 + 6Aq... 

.. 290 . 

... 100*00 



b. Neutral . -— When malic acid obtained from wormwood is beated 
with oxide of copper, and the filtrate evaporated, there remains a gummy 
mass, which, after the excess of acid has been removed by alcohol, forms 
a dark green amorphous residue, dissolving readily in water and pro¬ 
ducing a solution of a fine green colour. (Luck.) The neutral salt is a 
green varnish, permanent in the air. (Braconnot.) 


2 CuO . 

. 80 ., 

... 37*38 . 

.. 37*18 

8 C . 

. 48 . 

... 22-44 . 

.. 22*64 

6 H . 

. 6 . 

2-80 . 

.. 2*67 

10 0. 

.... 80 . 

... 37*38 . 

.. 37-51 

C s H 4 Cu 2 0'° + 2A.q. 

. 214 

. 100*00 . 

... 100*00 


c. Acid. — Cupric oxide obtained by precipitating blue vitriol with 
potash, and dried at a gentle heat, forms, when set aside for some time 
with the cold aqueous acid, a blue solution which, when evaporated 
under 40°, yields crystals of a splendid smalt-blue colour. They give off 
their 2 At. water at 100°. (Hagen.) 


CuO . 

8 C . 

Dried at 100°. 

. 40 . 

. 48 . 

... 24*24 

... 29*09 
... 3*03 

... 43*64 

Hagen. 

. 23*93 

. 29*23 

5 H . 

9 O . 

. 5 . 

. 72 . 

. 3*03 

. 43*81 

C 3 H 3 Cu0 10 ... 


... 100*00 . 

. 100*00 


Crystallized. 


Hagen, 

CuO . 

. 40 . 

... 21.86 . 

. 21*52 

C fi H 6 0 9 . 

. 125 . 

.. 68*31 


HO. 

. 18 . 

.. 9*83 . 

. 9*99 


C s H 5 Cu0 10 + 2Aq. 183 .... 100*00 


According to Braconnot, the acid salt is not crystallizablc, and is but 
partially precipitated by potash, a double salt appearing to form. — 
According to Pfaff ( Schio . 61, 357), the compound of cupric oxide and 
ammonia forms an olive-green mixture with aqueous malic acid. 

IT. Cupric Malate with Sulphate of Ammonia. — When solutions of 
cupric sulphate and malate of ammonia are mixed, any excess of the 
former that may be present crystallizes out first, and afterwards the 
double salt, in beautiful grass-green, pointed crystals, which do not alter 
when exposed to the air. (H. Schulze, Arch . Pharm. [2], 57, 273.) % 

Mercurous Malate. — Pure malic acid precipitates mercurous nitrate 
in white flakes (Lassaigne); according to Braconnot, however, no such 
precipitation takes place. — The impure acid throws down a white powder, 
easily soluble in malic acid and in the stronger acids. (Scheele, Bra¬ 
connot.) The aqueous acid digested at 75° with mercurous oxide and 
filtered, deposits a crystalline powder. The same powder is precipitated 
yol, x. Q 
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on mixing malate of potasli with dilute mercurous nitrate. It tastes 
metallic after some time; assumes a grey colour when exposed in the 
moist state to the sun; contains, after drying at a gentle boat, 75'96 p. c. 
mercurous oxide, hut no water; leaves charcoal when ignited; turns 
black by contact with alkalis; is resolved by continued boiling with 
water, into a basic and a soluble acid salt; dissolves in hot nitric acid, 
but is insoluble in water, alcohol, or ether. (HarfF, N. Br. Arch, 5, 281.) 

Mercuric Malate. — Obtained by dissolving mercuric oxide in the 
heated acid. Gummy, not crystallizablc; resolved by water into a soluble 
acid and an insoluble basic salt. (Braconnot.) — When mercuric oxide is 
boiled with excess of concentrated malic acid, small crystals of an acid 
salt soluble in water separate from the filtrate; if, on the other hand, 
the oxide is in excess, the filtrate deposits, together with those crystals, 
a yellow powder consisting of a basic salt; this basic salt is likewise 
formed, when mercuric nitrate is precipitated by malate of potash, an 
acid salt then remaining in solution. The yellow powder has a faint 
metallic taste; leaves charcoal when ignited; yields a white powder with 
ammonia, and a yellow oxide with potash; dissolves in hydrochloric or 
nitric acid, and in 2000 pts. of water. (HarfF.) 

When mercurous malate is decomposed by ammonia, a black tasteless 
powder is formed, which contains 88-01 p. c. Hg 2 0; leaves charcoal 
when ignited; gives off ammonia with potash; dissolves in nitric acid, 
leaving only a white powder, and in strong acetic acid, leaving nothing 
but globules of mercury, which are likewise obtained by rubbing the 
moistened powder. — The white powder obtained by treating mercuric 
malate -with ammonia gives off ammonia with potash, and dissolves 
almost completely in hydrochloric or nitric acid, whence potash then 
throws down a white powder. (HarfF.) 

Malate of Silver. — a. Basic ? —Aqueous malic acid heated with 
oxide of silver, acquires a brownish colour, produces carbonic and acetic 
acid, and is then decolorized, with deposition of brown-black flakes, 
consisting of a compound of silver-oxide with decomposed malic acid, 
while the filtrate yields by evaporation an amorphous gum. (Braconnot.) 
'This salt was regarded by Braconnot as the neutral, and b as the acid salt, which 
however is not the case. 

h. Neutral. — Only the impure acid forms a precipitate with nitrate 
of silver; the pure acid does not. (Scheele, Gay-Lussac, Braconnot.) — 
1 . From the solution of salt malic acid precipitates the salt b in 
granules. (Braconuot.)—2. Alkaline malates added to nitrate of silver 
throw down the salt b in the form of a snow-white, granular, crystalline 
powder. When acid malate of ammonia is used for this purpose, only 
half the salt is precipitated, the other half not separating till the 
solution is mixed with ammonia. (Liebig.) — 3. With a warm dilute 
solution of malate of lime, nitrate of silver forms a precipitate containin 
lime, which however when dissolved, after washing, in very dilute nitric 
acid, and not completely precipitated by ammonia, so that the liquid 
remains acid, appears to be free from lime and from ammonia. (Liebig 
k Jtedtenbacher, Ann. Pltarm. 38, 134.)—White, granular, crystalline 
powder, of sp. gr. 4-0016 at 15°. (Liebig & Redtenbacher.) — Blackens 
quickly when exposed to light. (Luck.) Turns yellow when dried at a 
strong heat (Liebig); and at a still higher temperature melts with slight 
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frothing (Braconnot, Liebig); gives off water, carbonic acid, carbonic 
oxide, and fumaric acid, with empyreumatic odour, and leaves 62'009 p. c. 
silver free from carbon, in the form of a porous cake. (Liebig & lledten- 
baeher.) It dissolves in boiling water, separating out with facility on 
cooling (Braconnot); it dissolves readily in boiling water, but does not 
yield crystals on cooling, merely depositing metallic silver, while the 
liquid turns black. (Liebig.) It dissolves slowly in boiling water, 
readily in acids, the portion which does not dissolve immediately becom¬ 
ing dark-coloured for a moment. (Luck.) 


8 C . 

Dried at 100°. 
. 48 . 

... 13*79 ... 

Liebig. 

. 13*88 ... 

Ilisch. 

. ... 13-47 ... 

Luck. 
. 13-84 

411 ..... 

. 4 

1-15 . 

. .. 1-17 .. 

. 1-36 ... 

. 1-18 

2 Ag. 

.216 . 

... 62-07 ... 

. ... 62-01 ... 

. 60*93 ... 

. 61-70 

10 0 . 

.... 80 

22*99 ... 

. 22-94 . 

. .. 24*24 ... 

. 23*28 

C s H 4 Ag 3 0 10 . 

. 348 . 

... 100-00 .. 

.... 100-00 ... 

.... 100-00 ... 

. 100*00 


IliscLt {Ann. Pharm. 51, 246), analysed the salt prepared with acid obtained from, 
potatoes; Luck, that which was prepared with acid from wormwood. 


Malic acid dissolves readily in Alcohol. 

In attempting to prepare Malic ether, Hagen obtained fumaric ether (p. 31). 
— Thenard {Mem. de la Soc. d'Avcueil> 2,12), by heating 15 pts. of malic acid with 
13 pts. alcohol and 5 pts. oil of vitriol, till ether began to escape, and mixing the 
brown residue with water, obtained a yellowish, inodorous, non-volatile oil, which sank to 
the bottom of the liquid, was decomposed by potash with formation of malate of potash, 
dissolved sparingly in water and abundantly m alcohol, and was precipitated therefrom 
by water. [Deserves further investigation.) 

% According to Demondesir ( Compt . rend. 33, 22?) the malates of 
ethyl and methyl are obtained by passing hydrochloric acid gas into a 
solution of malic acid in alcohol or wood-spirit, neutralizing with carbo¬ 
nate of soda, and agitating the liquid with common ether, which then 
takes up the compound ether and leaves it behind when distilled. The 
malate of ethyl or methyl thus obtained still contains water and alcohol 
or wood-spirit, which may be removed by evaporation in vacuo, or at a 
gentle heat in the air, and certain salts, from which it may he freed by 
dissolving it in very pure vinie ether. — The malates of ethyl and methyl 
are liquids, which are soluble in water, almost completely decomposed 
by distillation, and converted into nialamide by ammonia. They rotate 
the plane of polarization of a ray of light. 

Malomethylic and Mcdovinic acid are always formed by the above 
process simultaneously with the ethers. The lime-salts of these acids 
are soluble in alcohol. <[[. 


Appendix to Malic Acid. 

Acids 'perhaps idmtical with Malic Acid . 

1. Fungic Acid. 

Braconnot. (1810.) Ann, QMnn. 79, 293; 87, 242. 

Pilzsaure, Acide fongique. — Occurs in Eeziza nigra, Eydnum hybridum 
and repandmn, Boletus Juglandis and pseudoigniarius, FhaJlus impu- 
dicus and Merulius Gantharellus (Braconnot); in Eelvella Mitra. 
(Schrader.) 
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Preparation . Boletus Juglandis is bruised and expressed with water; 
the liquid evaporated to the consistence of an extract, coagulated albumin 
then separating; and the residue washed with alcohol. The portion 
insoluble in alcohol, which contains the fungate of potash, is dissolved in 
water and precipitated with neutral acetate of lead. By digesting the 
precipitate with dilute sulphuric acid, a brown liquid is obtained, con¬ 
taining fungic acid, phosphoric acid, animal matter, &c. This liquid 
mixed with ammonia, yields by evaporation crystals of fungate of am¬ 
monia, which, by repeated crystallization and pressure between blotting 
paper, may be obtained tolerably white. — The solution of the crystals 
thus purified is added to acetate of lead, and the pure fungate of lead 
thus precipitated is decomposed by dilute sulphuric acid. 

Colourless, uncrystallizable, very acid liquid, which absorbs water 
from the air. 

Fungate of Ammonia . — Rather acid, large, six-sided prisms, some - 
times compressed, bevelled with 2-faces resting on the broad lateral 
faces {Fig. 55); they dissolve in 2 pts. of cold water. 

Fungates of Potash and Soda . —Uncrystallizable salts easily soluble 
in water, insoluble in alcohol. 

Fungate of Baryta. — Saline, amorphous crusts, which swell up in 
the fire, leaving a spongy mass of carbonate of baryta; the salt dissolves 
in 15 pts. of cold water. 

Fungate of Lime. — Fungate of potash does not precipitate hydro¬ 
chlorate of lime. When a solution of lime in the acid is evaporated, the 
salt is deposited in plates, composed of small crystals which appear to be 
four-sided prisms with dihedral summits. Tastes somewhat saline; is 
permanent in the air. Swells up in the fire, leaving a spongy mass of 
carbonate of lime. Requires at least 80 pts. of water to dissolve it. 

Fungate of Magnesia. — Granular crystals, having a slight taste, 
swelling up slightly in the fire, and dissolving with tolerable facility in 
water. 

Fungate of Alumina. —Uncrystallizable gum. 

Manganous Fungate . — Uncrystallizable gum. 

Fungate of Zinc. — Crystallizes readily iu parallelopipeds; decomposes 
in the fire with intumescence; moderately soluble in water. 

Fungate of Lead. — The free acid and fungate of potash precipitate 
acetate of lead in the form of hornsilver. The precipitate dissolves 
pretty readily in acetic acid. 

Fungate of Silve?\ — Nitrate of silver is not precipitated by free 
fungic acid, but only by the alkaline fungates. 

Ferrous and Cupric sulphates are not precipitated by fungic acid. 
(Braconnot.) 
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2. Xgasuric Acid. 

Pelletier, & Caventou. (1819.) Ann. Ghim. Phys . 10 , 167; 26, 54 . 

Igasursaure, Acide igasurique.. — In Paha St . Ignatii, JSTux vomica, and 
Lignum colubrinum; probably also in tbe Tieute- Upas . 

Preparation . Ignatius beans exhausted with ether are repeatedly 
boiled with alcohol, the alcoholic solution evaporated, the residue boiled 
with water and magnesia, and filtered. The mixture on the filter con¬ 
sisting of magnesia, igasurate of magnesia, and strychnine, is washed 
with cold water, then freed from strychnine with hot alcohol, and boiled 
with a large quantity of water. The water dissolves out the igasurate 
of magnesia; and the solution filtered, evaporated, and mixed with 
neutral acetate of lead, yields a precipitate of igasurate of lead, which 
is washed, suspended in water, and decomposed by sulphuretted 
hydrogen. 

Properties. Brownish syrup, which when left at rest, deposits small 
hard grains; its taste is harsh and sour. 

Combinations , Dissolves very readily in water and in alcohol. 

With alkalis it forms salts which dissolve readily in water and 
alcohol. — Igasurate of baryta crystallizes with difficulty in little spongy 
masses, and dissolves readily in water. — Igasurate of ammonia does not 
precipitate or colour the salts of iron, mercury, or silver; in solutions of 
cupric salts, it forms a greenish white precipitate, very sparingly soluble 
in water. 

Carriol (J. Pharm. 19, 155; abstr. Ann. Pharm. 8 , 45), obtained 
fromW'W.# vomica , an acid different from igasuric acid, the aqueous solution 
of which left a syrup when evaporated in vacuo, and when further heated 
above 100 °, passed over apparently undecomposed, in the form of a 
crystalline sublimate or buttery mass. It dissolves readily in water, 
boiling alcohol, and ether, from which it crystallizes. Its salts are 
mostly crystaliizable and easily soluble. 


3. Nicotic Acid. 

Barral. (1845.) Gompt. rend. 21, 137. 

TabaJcmure, Acide nicotique . — Dry tobacco-leaves are digested with 
water; the acid filtrate precipitated with acetate of lead; the precipitate 
’washed, suspended in water, and decomposed by sulphuretted hydrogen; 
and the filtrate evaporated to a syrup, which, when further evaporated, 
either in vacuo or at a gentle heat in the air, yields the crystalline acid. 
Micaceous laminm. 

The acid is bibasic = 2HO, C 6 H s 0 5 = C 6 H 4 0* = C 6 H 4 0 2 , 0 G ; it stands 
to propionic acid in the same relation as oxalic to acetic acid. C 6 H 4 0 8 : 
C 8 H g O = C 4 H 2 0 8 : C 4 H 4 0 4 . 

By dry distillation, and by treatment with oil of vitriol, the acid is 
resolved into acetic and carbonic acid. C 6 H 4 Q S = C 4 H 4 0 4 + 2QQ'\ 
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It dissolves readily in Water , and forms crystallizable salts with 
Ammonia, Potash, &c.— The Lead-salt is insoluble = 2 Pb0 3 C G H 2 0 G = 
C G H 2 Pb 2 0 8 = C 6 H 2 Pb 2 0 2 , O 5 . The Silver-sail has a similar composition. 
(Barral.) 

Barral’s formulas are not supported by analyses.. 

Vauquelin, Goupil ( Qonipt. rend, 23, 51), and Reiman n, (Mctg, Pharm. 
25, 2, 65), recognized the acid of tobacco as malic acid. 


b. Amidoge n-nuclei. 

a. Amidogen-nucleus C 8 AdH 5 0 4 . 

Aspartic Acid. 

C s NH 7 0 8 =C 8 A dH 5 0 4 ,0 4 . 


Plisson. J. Pharm. 13, 477 ; also Ann. Chim.Phys. 35,175. J. Pharm . 
15, 268; also Ann. Chim. Phys. 40, 303; also Schw. 56, 66; also 
Br. Arch. 31, 208; also A r . Tr . 19, 1, 185. 

Plisson & 0. Henry. Ann. Chim. Phys. 45, 315. 

Boutron, Charlard & Pelouze. J. Pharm. 19, 208; also Ann. Chim . 

Phys. 52, 90; also Schw. 67, 393; also Ann. Phaim. 6, 75. 

Liebig-. Pogg. 31, 222. — Ann. Pharm. 26, 125, and 161. 

Pirta. Ann. Chim. Phys. 22, 160; also J.pr. Ghem. 44, 71. 
Dessaignes. Rev. scient. [4], 1, 22; Ann. Pharm. 83, 83; abstr. Jahreshcr. 
1852, 466. 

Pasteur. Active and inactive modifications of Aspartic acid. JV. Ann. 
Chim. Phys. 34, 30; in full abstract: Ann. Pharm. 82, 324; in 
shorter abstract^ Compt. rend. 33, 217; Instit. 1851, 273; J. Phys. 
Ansi. 3, 344; J. pr. Ghem. 54, 50; Ann. Pharm. 80, 151; Pharm. 
Centr. 1851, 769; Jahresher. 1851, 176, 389. 

Asparags'dure , Asparaginsdure. Acide aspartique, Acide asparamtque. Discovered 
by Plisson, in 1827. 

Formation. 1. By heating asparagine with acids or with the stronger 
salifiable bases and water. (Plisson.) — IT According to Dessaignes, 
asparagine heated alone to 200°, as long as any ammoniacal odour is 
evolved, leaves a brown, slightly soluble substance, which, when treated 
with hydrochloric acid, yields aspartic acid. — 2. By the fermentation of 
asparagine under the influence of casein. (Dessaignes.) — 3. By heating 
acid malate, maleate or fumarate of ammonia to about 200°, ancl treating 
the product with hydrochloric acid. (Dessaignes.) — The aspartic acid 
prepared in this manner is optically inactive, whereas that which is 
formed from asparagine rotates the plane of polarization of a luminous 
ray. (Pasteur.) *[f 

Preparation. A. Of the Active acid. —1. Asparagine is boiled with 
protoxide of lead, and with water which must be frequently renewed, as 
long as ammonia continues to escape; the residual lead-salt purified by 
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boiling with water and alcohol, and decomposed by sulphuretted Imlrogen, 
after diffusion in water; and the filtrate evaporated to the crystallizing 
point. (Plisson.)—2. Asparagine is boiled with baryta-water till the 
evolution of ammonia entirely ceases; the baryta precipitated from the 
still hot liquid by an exactly equivalent quantity of sulphuric acid; aud 
the filtrate evaporated to the crystallizing point. (Boutrou & Pelouze.) — 
3. Asparagine is boiled in a similar manner with potash; the liquid 
supersaturated with hydrochloric acid, and evaporated to dryness in the 
water-bath; and the chloride of potassium extracted by water, which 
then leaves the acid perfectly free from potash. (Liebig.) — ^[4. Aspara¬ 
gine is boiled for three hours with excess of hydrochloric acid; the solu¬ 
tion evaporated to dryness; and the residue, consisting of chloride of 
ammonium and hydrochlorate of aspartic acid, dissolved in a small 
quantity of water and half neutralized with ammonia. The liquid on 
cooling deposits abundance of aspartic acid, which is easily washed and 
purified. (Dessaignes.) 

B . Of the Inactive acid .—"When bimalate of ammonia is heated to 
200 °, and the reddish, resinous residue boiled for some hours with hydro¬ 
chloric acid, a solution is obtained, which, by evaporation and cooling, 
yields a crystalline bydrochlorate of aspartic acid. This compound is 
dissolved in hot water, the solution divided into two equal parts, the one 
saturated with ammonia, and the other added to it. The mixture thus 
formed yields on cooling an abundant crystallization of inactive aspartic 
acid. (Dessaignes.) Or, tbe I'esidue obtained by beating the bimalate of 
ammonia may be boiled with nitric acid, and from the crystalline nitrate 
of aspartic acid,—which is deposited from the cooled solution after the 
excess of nitric acid has been carefully expelled over the w 7 ater-bath,— 
the aspartic acid may be obtained as above; or tbe solution of the nitrate 
may be neutralized with lime, the aspartate of lime precipitated by 
alcohol,, and the solution of this salt carefully decomposed by oxalic acid. 
(J. Wolff, Ann. Bkarm. 75, 293.) f 

Broperties. White shining crystalline powder, which, under the 
microscope, appears to consist of transparent, bevelled, four-sided prisms; 
sp. gr. = 1*873 at 8*5° (Plisson); small crystals having a pearly and silky 
lustre. (Boutron & Pelouze.) Inodorous; tastes rather sour, leaving an 
after-taste like broth. (Plisson.) The crystals do not give oft’ water at 
120°. (Boutron & Pelouze; Liebig.) 

-IT According to Pasteur, active aspartic acid crystallizes in indistinct 
forms of the rhombic [right prismatic] system; the crystals have gene¬ 
rally the appearance of rectangular laminse, truncated at the angles. 
Sp. gr. 1*6613 at 12*5°. The acid dissolved in potash, soda, or am¬ 
monia turns the plane of polarization to the left; hut when dissolved in 
the stronger acids, to the right. The inactive acid forms very small 
monoclinometric [oblique prismatic] crystals, which often have a lenti¬ 
cular shape. Sp. gr. 1*6632. The solutions have no action on polarized 
light. IT. 


8 C. 

Crystals . 

. 48 ., 

. . 36*09 . 

Piria. 

.* 35*99 ... 

Liebig. 
. 36*77 

Pl.&Henry. 
. 37-73 

N . 

....... . 14 

. 10*53 . 

. 10*78 .... 

. . 10*37 

. 12*04 

7 H . , . 

. 7 . 

.. 5*26 

.... 5*47 . 

.. .. 5*33 

. . .. 5*37 

8 0. 

64 

48*12 . 

. 47*76 

. 47*53 

. 44*86 

C*NH 7 O s . 

.. 133 . 

... 100*00 . 

. 100*00 ... 

. 100*00 

. 100*00 















232 PRIMARY NUCLEUS AMIDOGEN-NUCLEUS CLUffl-'O'. 



Crystals, 


Butron&Pel. J ac(jve aci(l 

Wolff 

8 C ... 


... 36-09 ., 

. 38-77 . 35-6 . 

„ 36*2 

N. 

... 14 . 

.. 10*53 

. 11*27 . 

. 10*3 

7 H. 

. 7 . 

. 5*26 

. 5-50 . 5-2 . 

„ 5*3 

8 0 . 

. 64 . 

... 48*12 .. 

... . 44*46 . 

. 48*2 

C 8 NH‘O s . 

. 133 . 

... 100*00 .. 

. 100*00 . 

100*0 


Aspartic acid is the amidogen-acid of malic acid, just as oxamic acid (C 4 NH 3 O r ') 
is the amidogen-acid of oxalic acid (C 4 H 2 O s ). (Pina.) 


Decompositions. 1. The acid swells up considerably in tbe fire, giving 
off ammonia and a faint animal empyreumatic odour. When lieated in 
vacuo, it turns first yellow, then black, giving off ammonia, hydrocyanic 
acid and other products, and leaves a shining charcoal.. (Plisson.) — 
2 . When dissolved in cold nitric acid containing nitrous acid, or in pure 
nitric acid through which nitric oxide gas is passed, it is quickly converted, 
with evolution of nitrogen, into malic acid, whereas pure nitric acid has 
no action upon it. (Piria.) 

C s NH 7 0 8 + NO 3 = C s H c 0 10 + N 2 + HO. 

Aspartic acid evaporated to dryness with 12 pts. of nitric acid, 
either remains unaltered or suffers but partial decomposition. (Plisson.) 
— 3. When heated with oil of vitriol, it is decomposed with formation 
of sulphurous acid. (Plisson.) — It is not decomposed by continued 
boiling with strong hydrochloric or dilute sulphuric acid. (Piria.) — 
When fused with excess of hydrate of potash, it is not decomposed till 
the heat becomes strong, acetate and oxalate of potash being then formed, 
with evolution of ammonia and hydrogen gas. (Piria.) 

Combinations, A. With Water .—Aspartic acid dissolves in 128 pts. of 
w T ater at 8*5°, much more copiously in hot water, from which it crystal¬ 
lizes on cooling. (Plisson.) — % 1 pt. of the active acid dissolves in 364 pts. 
of water at 11°, and 1 pt. of the inactive acid in 208 pts. of water at 13*5°. 
When a'solution saturated while hot is left to crystallize by cooling, 
the liquid remains supersaturated with the acid. (Pasteur.) IT. 

B. With Acids.—Sulphate of Aspartic acid .— Aspartic acid dis¬ 
solves without decomposition in cold oil of vitriol. (Plisson.) — IT. When 
oil of vitriol is gradually heated to 50° or 60° in a wide glass tube, 
aspartic acid gradually added as long as it dissolves, and the tube kept 
closed for a few days, large aggregated prisms of sulphate of aspartic 
acid are formed, which are lighter than the liquid from which they sepa¬ 
rate; they must be drained on a porous plate, quickly washed with 
alcohol, and dried over oil of vitriol. (Dessaignes.) 

Dessaignes. 

C*NH'O s . 133 . 57*58 . 

2 S0 4 H ... 98 .... 42*42 . 42*S2 

0 S NH”0 S ,2S0 4 H . 231 .... 100*00 

Hydrochlorate . — The solubility of aspartic acid in water is greatly 
increased by the presence of hydrochloric acid. (Plisson.) The solution 
of aspartic acid in strong hydrochloric acid, yields, by evaporation 
and cooling, deliquescent, very soluble laminae, and leaves, when evapo¬ 
rated to dryness and further heated to 100°, an amorphous deliquescent 
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residue still containing hydrochloric acid; if, however, the hydrochloric 
acid be removed from the solution by marble, the aspartic acid loses 
this easy solubility. (Piria.) 

. Both active and inactive aspartic acid give, by solution in hydro¬ 
chloric acid, evaporation over the water-bath, and spontaneous evapo¬ 
ration of the concentrated solution in a quiet place, crystalline com¬ 
pounds of aspartic with hydrochloric acid. These hydrochlorates arc 
very soluble. They are identical in composition, but differ in crystalline 
form. The hydrochlorate formed from active aspartic acid, alone possesses 
the rotatory power. 

a. Active Ilydrocklorate. The crystals of this compound belong to the 
rhombic [right prismatic] system; they are prisms of about 90°, very 
much truncated on two opposite lateral edges, and terminated by faces 
inclined at an angle of about 115°, and belonging to an irregular tetra¬ 
hedron. The compound rotates the plane of polarization to the right. 
It decomposes when dissolved in water, jrielding a copious precipitate of 
aspartic acid; this decomposition may be prevented by the addition of a 
few drops of hydrochloric acid. The crystals deliquesce in the air, set¬ 
ting free the aspartic acid. 

j3. Inactive Hydrocklorate. — The crystals belong to the monoclino- 
metric [oblique prismatic] system, and differ altogether in appearance 
from those of the active compound. They are permanent in the air 
only in summer, becoming milk-white on the surface, and losing their 
lustre and transparency. They decompose when dissolved in water, 
but as the inactive acid is more soluble than the active, no precipitation 
takes place; if, on the other hand, a mixture of water and alcohol be 
used, an abundant precipitation is formed. (Pasteur, Dessaignes.) 

Crystallized . 

8 C .. .. 48-0 ... 28*34 

N . 14*0 .. 8*27 

8 H . 8*0 ... 4*72 

8 0 . 64*0 .. 37*77 

Cl. 35*4 20*90 

C«NH'0 8 ,HC1 . 169*4 .... 100*00 

Or: 

C 8 NH70 S . 133*0 .... 78*47 

HC1. 36*4 .... 21*53 

C s NH"O a ,HCl . 169*4 .... 100*00 

Both the active and inactive hydrochlorates are decomposed at the 
same temperature, giving off hydrochloric acid and water, and leaving 
the compound C 8 NH 4 0 5 (p. 214) (Pasteur) : 

C 8 NH~0 S ,HC1 = C 8 NH*O s + HC1 + 3HO. 

Nitrate. Obtained like the hydrochlorate in beautiful crystals. 
(Dessaignes.) 

G. With Salifiable Bases. Aspartic acid decomposes the alkaline 
bicarbonates and soap-water; it does not precipitate any of the heavy 
metallic salts. The aspartates of the alkalis taste like broth; when 
ignited, they give off ammonia, hydrocyanic acid, and other products, 


Dessaignes 
( active 3 ) 

21*24 


Pasteur. 

active, inactive . 


20*9 .... 20*7* 
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and leave metallic cyanides. (Plisson.) The formula of the aspartates 
is C 8 NH 6 M0 8 . (Laurent, Ann. Chim. Phys. 23, 113.) ^F. The acid like¬ 
wise forms basic salts, some having the composition C 8 NH 5 M 2 0 8 , others 
on the contrary, being composed according to the formula M0.C 8 NH°M0 8 . 
(Dessaignes, Pasteur.) 

Although the formation of those basic aspartates whose formula is C 8 NH 5 M 2 0 8 
(e. g., the baryta and lime-salts) is certainly attended with elimination of 2 At. water, 
Dessaignes nevertheless regards the acid as monobasic, and remarks that perfectly 
neutral amides,—which cannot well be regarded as monobasic acids— e . g., benzamide, 
butyramide, urea, are capable of combining with metallic oxides, with elimination of 
1 At. water. — Pasteur does not express a decided opinion regarding the basicity of 
aspartic acid. He states however that aspartic acid cannot be regarded as the amidogcn- 
acid of malic acid, or asparagin as the amide ot that acid, founding this opinion on 
certain unpublished investigations of Demondesir. — On the other hand, Demondesir 
had previously stated (Ann. Pharm. 80, 303,) that the artificially prepared amide of 
malic acid does not appear to differ from asparagin. <[[ 

Aspartate of Ammonia. —Crystallizes with difficulty, dissolves very 
readily in water, forming a solution which becomes acid by evaporation. 
(Plisson & Henry.) 

Aspartate of Potash. — Poes not crystallize; tastes sweetish, and 
like broth; becomes moist when exposed to the air. (Plisson.) Its 
formula is C 5 NH 6 K0 8 . (Laurent.) A solution of this salt evaporated to 
a syrup, yields crystals after a while, but they cannot be separated from 
the mother-liquor. (Dessaignes.) 

Aspartate of Soda. — Crystallizes readily; tastes like broth, and 
somewhat saline. (Plisson.) 

IT. When active or inactive aspartic acid is neutralized with soda, or 
carbonate of soda, and the liquid slowly evaporated, neutral salts are 
formed, identical in composition and chemical reactions, but differing 
in crystalline form. 

a. Active. — Forms needle-shaped, deeply striated prisms, belonging 
to the right prismatic system, and terminated by faces of a tetrahedron 
inclined to one another at about 106°. The four faces of this tetrahedron 
are either present alone, or are much more developed than those of the 
opposite tetrahedron, which, if equally developed with the former, would 
constitute a rhombic pyramid. 1 pt. of the active acid dissolves in I-12 
pts. water at 12*2°. The solution turns the plane of polarization to the 
left. (Pasteur.) The salt gives off 2 At. water at 1 60°. At 170° it turns 
yellow, and gives off ammonia, and at a higher temperature froths up 
considerably. (Dessaignes.) 

/?. Inactive. Crystallizes in the oblique prismatic system, and often 
forms made-crystals. 1 pt. of the salt dissolves in 1* 19 pts. water at 12*5°. 

Crystals . Dessaignes 

active. 

C s NH G 0~ . 71-70 

NaO . 17-90 17*44 

2 HO. 10-40 9-64 

~~~ C 8 NH 6 Na0 8 + 2Aq. 100*00 

The mixture formed by adding 1 At. soda to 1 At. of this salt does not crystallize 
even when left under a bell-jar with lime ; a mixture of the solutions of 1 At. aspartate 
of potash and 1 At. aspartate of soda yields by evaporation nothing but aspartate of 
soda. If 1 
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Aspartate of Baryta Very small; white, opaque crystals, tasting 
like broth and not bitter; they contain 36 8 p. c. baryta. (Plisson.) 
Crystals soluble in water. (Boutron & Pelouze.) 

IT. Aspartic acid forms with baryta a monobasic and a bibasic salt. — 
a. Bibasic. — When hydrate of baryta is gradually added to a hot and 
somewhat concentrated solution of the neutral salt b, the liquid solidifies 
in a crystalline mass; and on adding water to this mass, leaving it to 
stand for a moment, then filtering, and leaving the solution to cool out of 
contact of air, the basic salt is deposited in rather thick, shining prisms. 
These crystals remain transparent when rapidly washed and dried over 
sulphuric acid, give off half their water (3 At.), and become opaque when 
dried in vacuo, and the whole of it, amounting to 16*40 p. c. (6 At.) 
at 160° without decomposition. The aqueous solution of this salt has a 
strong alkaline reaction; carbonic acid gas passed through it, precipitates 
half the baryta in the form of carbonate. (Dessaignes.) 


Dried at 160° 

C 8 NH 5 0 6 . 

2 BaO . 

*115*0 .. 
153*2 

.. 42*45 
.. 57*55 . .. 

Dessaignes. 

.... 57*05 

C s NH 5 Ba 2 O s . 

268-2 .. 

.. 100-00 


Dried in vacuo. 


Dessaignes. 

C s NH 5 0 5 . 

115*0 .. 

... 3S*96 


2 BaO. 

153*2 . 

. 51*90 .. 

... 51-42 

3 HO . 

27*0 . 

. 9*14 


C s NH 5 £a 2 O s + 3Aq. 

295-2 . 

... 100*00 


Crystals. 


Dessaignes. 

c s nh 5 o 5 ; . 

115-0 . 

... 45*74 


2 BaO . 

153-2 . 

.. 47*48 .... 

.... 47*53 

6 HO . 

54-0 . 

16-78 

.... 16*40 


C 8 NH 5 Ba 2 0 8 -f 6Aq, 322-2 ... 100*00 


h. Monobasic. Crystallizes in very fins silky needles, which give off 
14*40 p. c. (nearly 4 At.) water at 160°. (Dessaignes.) 


Dried at 160°. Dessaignes. 


C s NH c 0 7 ... 

. 124*0 

... 61*88 


BaO . 

. 76*6 

38*12 . 

.. . 38*05 

CNH 6 BaO s .. 

. 200-6 

. 100*00 


C R NR 6 0 7 . 

Crystals. 

. 124-0 . 

... 52*41 

Dessaignes. 

BaO . 

. 76-6 . 

... 32-38 


4 HO. 

. 30-0 . 

.. 15-21 . 

. .. 14*40 


C 8 NH G £aO s + 4 Aq. 236*6 .... 100*00 


Wolff found in the salt dried at 120°, 37*6 p. c. baryta. 

Aspartate of Lime. — a. Bibasic. — The solution of salt b takes up 
a large additional quantity of lime, and yields a crystallizable salt con¬ 
taining 30*65 p. c. lime. (Plisson.) Crystals soluble in water. (Boutron 
& Pelouze.) — "O'. The solution of b mixed with a slight excess of lime, 
then filtered, and left to evaporate over lime, yields very beautiful 
prisms, which may be freed from a small quantity of adhering carbonate 
of lime by crystallization. In vacuo it gives off water; and at 160° the 
loss of water amounts to 26*49 — 28*57 p. c., according as the salt is 
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left in the vacuum for a longer or a shorter time. The solution of this 
salt has a strong alkaline reaction, and is decomposed by carbonic acid, 
like the basic baryta-salt. (Dessaignes.) 

Dried at 1C0°. Dessaignes. 

C s NH 5 0 G . 115 . 67*27 ' “ * “ ' 

2 CaO. 56 . . . 32*73 .... 32*44 . . 32*85 

C s NH 5 Ca 2 O a . 171 . 100*00 


Crystals air-dried. Dessaignes. 

C 8 NH 5 0 6 . 115 .... 47*34 

2 CaO . 56 .... 23*04 23*09 

8 HO. 72 ... 29*62 . 28*57 

C s NH 5 Ca 2 0 8 + 8 Aq. 243 .... 100*00 


b. Monobasic . — Gummy; tastes like the soda-salt; contains 17*25 
p. c. lime; gives off a large quantity of hydrocyanic acid when distilled. 
(Plisson.) 

A neutral solution of aspartate of baryta mixed with a slight excess cf lime, yielded 
successively basic aspartate of baryta and basic aspartate of lime, but no double salt. 
(Dessaignes.) 

Aspartate op Magnesia. *— Bibasic. — The aqueous solution of salt 
b dissolves a large additional quantity of magnesia, and yields by eva¬ 
poration a sharp-tasting gum, containing 22*45 p. c. magnesia. (Plisson.) 
•— b. Monobasic. — By continued boiling of asparagin with magnesia, 
and water [is not a bibasic salt formed by this process'?], and evaporation 
of the filtrate, a gummy mass is obtained, which tastes like the soda-salt, 
has an alkaline reaction, dissolves very readily in water, is insoluble 
in strong but soluble in weak alcohol, and contains 13 05 p. c. magnesia. 
(Plisson.) — If the mother-liquor left in the preparation of asparagin 
from marsh-mallow root after the asparagin has crystallized out of the 
alcoholic extracts, he further evaporated, it deposits a yellowish white 
powder of aspartate of magnesia, which, when recrystallized from hot 
water, assumes the form of crystalline crusts. These crusts yield an 
aqueous solution neutral to vegetable colours; they burn when heated, 
with evolution of ammonia but without intumescence, and leave car¬ 
bonate of magnesia; they dissolve in about 3 6 pts. of boiling water, and 
pretty easily in weak alcohol, hut are insoluble in absolute alcohol. 
(Wittstock, Fogg. 20, 352.) 

The aqueous solution of bibasic aspartate of magnesia forms with 
tartar-emetic, a precipitate which dissolves in excess of either of the 
salts. (Plisson.) 

Aspartate op Zinc. — Small white opaque granules (Piria); not deli¬ 
quescent; tasting first like broth, afterwards astringent. 

Aspartate of Lead — IT. a. Bibasic. — a. Inactive. — The soda-salt 
of inactive aspartic acid forms with an ammoniacal solution of neutral 
acetate of lead a curdy precipitate; and the filtrate diluted with a large 
quantity of water, and left at rest for a few days, deposits nacreous 
crystals united in very hard spherical masses having a radiated struc¬ 
ture. This salt does not suffer any diminution in weight at 100°. 
(Pasteur.) 
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Calculation according to Pasteur . Pasteur. 

C s NH 6 0'. 124 . 35*6 

2 PbO. 224 .... 64*1 . ... 63*9 

PbO,C S NH 5 PbO 8 . 348 .. 100*0 

The formula C 8 NH 5 Pb 2 0 8 , analogous to those of the basic aspartates of baryta 
and lime, would require 66*1 p.c. PbO. 

/?. Active. The soda-salt of active aspartic acid exhibits with am- 
moniacal acetate of lead, the same phenomena as that of the inactive 
acid, a soft precipitate being deposited, and, when the liquid is left at 
rest, crystals are formed united in hard radiated nodules; but these 
crystals consist merely of a peculiar subacetate of lead containing 65 p. c. 
oxide of lead, (Pasteur.) IT. 

5, Monobasic. — Aspartate of potash and bibasic aspartate of lime 
precipitate basic and neutral acetate of lead; the precipitate dissolves in 
an excess of either of the salts and in nitric acid. (Plisson.) 


Dried at 120°. 


Plisson. 

PbO. 

... 112 

.... 47*46 . 

... . 48*81 

8 C . 

.. 4S 

. 20*34 

. .. 21*35 

N . 

14 

.... 5*94 . 

. . 6*09 

6 H . 

. 6 

2*54 

... 2*G9 

7 O . 

. 56* 

.. 23*72 

... 21-06 

C a NH 6 Pb0 8 . 

... 236 

... 100*00 .. 

. 100-00 


Nitro-aspartate of Lead. — Asparagin is heated with nitric acid quite 
free from nitrous acid; the liquid containing nitric acid, aspartic acid, 
and ammonia, mixed with nitrate of lead; and the precipitate redissolvcd 
by heat: the solution left to cool, deposits needles resembling formiate 
of lead. These crystals do not sustain any loss when heated to 150° in 
a current of air, but are decomposed with slight deflagration at a higher 
temperature. With oil of vitriol, they give off vapours of nitric acid, 
and are but slightly decomposed by cold, more completely by hot oil of 
vitriol. (Piria.) The formation of this salt succeeded only once; it appears to 
depend on the two salts being mixed in the exact proportion required, and on a proper 
degree of concentration of the liquid. (Piria.) 

Piria. 


2 PbO. 

224 

.... 55-72 ... 

... 55-47 

8 C . 

48 

.... 11-94 . 

. .. 11*98 

2 N . 

28 

t... 6*96 ... 

. . 7*28 

G H . 

6 

.... 1*50 .. 

.. 1-62 

12 O. 

96 

. . 23*88 

.. 23*65 

C s NH 0 PbO s ,PbO,NO 5 ... 

. 402 

. .. 100*00 ... 

. 100-00 


Ferric Aspartate.— Sesquichloride of iron forms with basic aspartate 
of magnesia a precipitate which dissolves in excess of either of the two 
salts; with aspartate of potash it forms a deep red transparent mixture. 
(Plisson.) 

Aspartate of Nickel. — The solution deposits by " evaporation a 
green fissured mass. (Plisson.) 

Cupric Aspartate.— Obtained by precipitating cupric sulphate with 
aspartate of potash. Sky-blue needles, having a silky lustre, an astrin¬ 
gent taste, sparingly soluble in cold, easily in hot water and in aqueous 
aspartate of soda. (Plisson & Henry.) When 1 At. cupric sulphate is 
mixed with 1 At. aspartate of soda, crystals of cupric aspartate are 
obtained by evaporation and cooling, and the motlier-liquor retains a 
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very pale blue colour; but the solution of the copper-salt in excess of 
the soda-salt does not deposit any crystals of the copper salt by evapora¬ 
tion. (Plisson & Henry.) 

— ^ When cupric sulphate is mixed with a solution of neutral aspar¬ 
tate of baryta, a rather dark violet liquid is obtained, which, on cooling, 
becomes filled with very light, silky, pale-blue needles of basic aspartate 
of copper, which are but sparingly soluble in water. The supernatant 
liquid has but little colour, and retains a large quantity of free sulphuric 
acid. Hence neutral aspartate of copper exists only in solution, and the 
final reaction is expressed by the equation : 

2(Cu0,S0 3 ) + C s NH 6 BaO s = C s NH 5 Cu-O s + BaO,S0 3 + HO,SO 3 . 

The basic salt gives off 31*78 (10 At.) water at 160°. 

Crystals . Dessaignes. 

C 8 NH 5 G 6 .115 ... 40*35 

2 CuO . 80 .... 28*07 27*98 

10 HO. 90 .. 31*58 . . 31*65 

C 8 NH 5 OT-O s + lOAq..... . . 285 .... 100*00 

This salt dissolves in aqueous aspartic acid, with aid of heat, repro¬ 
ducing the violet solution. (Dessaignes.) 

Aspartates of Mercery. — The potash-salt forms a precipitate with 
mercurous nitrate, and the bibasic lime-salt with corrosive sublimate. 
Both precipitates redissolve in excess of either salt. (Plisson.) — % Mer¬ 
curic oxide boiled with aspartic acid yields mercuric aspartate in the form 
of a white powder. (Dessaignes.) 

Dried at 100°. Dessaignes. 

C s NH G 0 7 . 124 . 36*48 

2 HgO .. . 200 63*52 . 63*58 

HgO,C 8 NR 6 HgO s .. .. .. 324 . 100*00 

The composition of this salt is analogous to that of the basic lead-salt analysed 
by Pasteur (p. 237). 

Aspartate of Silver. — a. Bibasic. — Aspartate of potash and basic 
aspartate of lime form with nitrate of silver a white precipitate soluble 
in excess of either salt. (Plisson.) — Nitrate of silver added to slightly 
alkaline aspartate of ammonia, forms a precipitate which disappears again 
on stirring. After 24 hours, white heavy, entangled crystals, susceptible 
to light, are formed. (Dessaignes, Pasteur.) The active and inactive acids 
yield precisely similar results. (Pasteur.) % 


2 AgO. 

8 C . 

N. 

5 H. 

6 O . 

. 232 . 

. 48 . 

. 14 . 

. 5 . 

.. 48 . 

.. 66*86 . 
.. 13*84 .. 
.. 4*04 

.. 1*43 .. 

. 13*83 

Liebig. 

.. 66*62 
.. 14*07 

.. 1*47 

Dessaignes. Pasteur. 

active inactive 

.... 66*8 .... 66*7 .... 66*9 

C s NH 5 Ag-O s .. 

.. 347 . 

.. 100*00 


• 





Wolff. 

2 AgO .. 

... 

. 232 . 

... 66*86 

. 66*62 66*6 

8 C . 

„ ., , 

. . 48 . 

13*84 


N . 


... . 14 . 

. . 4*04 


5H „ . 


5 . 

... 1*43 


6 O . 


.... 48 . 

.. 13*83 
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As it is improbable that an amidogen acid should be bibasic, and as 
Liebig lias not given the mode of preparation of the salt -which he 
analysed, Laurent doubts its purity. — ®f[ Liebig’s result is however con¬ 
firmed by those of Dessaignes, Pasteur, and Wolff. Dessaignes’ salt was 
dried in vacuo; Pasteur’s at 100 °. Pasteur found in the same salt (by 
decomposing it with sulphuretted hydrogen, 13?'99 p. c. aspartic acid 
(C 8 NH 7 Of), the formula requiring 38*33. — According to Pasteur also, 
the crystallized salt, after being merely pressed between paper and then 
dried for 24 hours at ordinary temperatures, has a composition analogous 
to that of the basic lead and mercury salts already described (pp. 237, 
238); thus: 

Dried at ordinary temperatures. Pasteur. 

C s NH 6 0 7 . 124 .... 34*83 

2 AgO. 232 ... 65-17 . .. 65-2 ... 65*3 

AgO,C s NH 6 AgO s . 356 .... 100*00 

Pasteur suggests however that the salt thus dried may retain 1 At. water mechani¬ 
cally or chemically combined. 


b. Monobasic . — When the mother-liquor which remains after the 
separation of salt a is left to crystallize, it deposits yellowish crystals of 
the monobasic salt. (Dessaignes.) 


Dessaignes. 


Boutron 
& Pelouze. 


C s NH G 0 7 . 124 .... 51*67 

AgO . 116 . 48*33 . . 48*82 .... 50 


C 8 NH 6 AgO s . 240 .... 100*00 


T 


Aspartic acid is less soluble in weak alcohol than in water, and quite 
insoluble in absolute alcohol. (Plisson.) 


■([ Malamate [Aspartate T\ of Ethyl. —When malate of ethyl obtained 
by Demondesir’s process (p. 227) is saturated with dry ammoniacal gas, 
the liquid becomes heated, and in the course of a day solidifies to a 
radiated crystalline mass, which, after being drained and then washed 
with common ether, consists of pure malamate of ethyl. By further 
treatment with ammonia, it is converted into malamide. (Pasteur, N. Ann • 
Chim. Phys. 38, 437; Jahvesber , 1853, 411,) 


/3. Amidogen-nucleus. C 8 Ad 2 H 1 0 4 . 

Asparagine. 

C 8 N 2 H 8 0 6 =C 8 Ad 2 H 4 0 4 ,0 3 . 

Vauquelin & Robiqtjet. Ann. Chim. 57, 88. 

Robiqjjet. Ann. Chim. 72, 143. 

Bacon. Ann. Chim. Phys. 34, 202; also J\ Chim , med. 2, 551; abstr. 
Mag. Pkarm. 16, 140. 

Plisson. Ann. Chim. Phys. 35, 175; also J. Pharm. 13, 477; also 
N. Tr. 16, 2, 177. — Ann. Chim. Phys . 37, 81; also J . Pharm. 14, 
177; also X. Tr. 17, 2,165. 
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Plisson & 0. Henry, Ann. Chim . Phys. 45, 304; also J. Pharm. 10, 
713; also Schw. 61, 314. 

Wtttstock. Pogg. 20, 346. 

Boutron Charlard & Pelouze. Ann. Ckim. Phys. 52, 90; also 
J. Pharm. 19, 208; also Schw. 67, 393; also Ann . Pharm. 6, 75. 
Liebig. Pogg . 31, 320; also Ann. Pharm.. 7, 146. 

Regimbeau. J. Pharm. 20, 631; abstr. Ann. Pharm . 13, 307.— 
J. Pharm . 21, 665. 

Biltz. Ann. Pharm. 12, 54. 

Pirta. N. .dmi. Ohim. Phys . 22, 160. 

Laurent. A r . 6 r Am. PAys. 23, 113; also Gompt. rend. 22, 790. 
Dessaignes & Chautarb. X. J. Pharm. 13, 245. 

Dessaignes. X. Ann. Ohim. Phys. 34, 143; also Ann. Pharm. 82, 237. 

Spargelstoff Alt ham, Asparamid, Asparagva , Asparamide, Malamide; Altheine 
(Bacon), AgMoile (Caventou.) — Discovered in 1805 by Yauquelin & Robiquct, 
who obtained it from asparagus roots. Plisson showed that the Agedoiie 
discovered by Caventou in liquorice-root, and the altheine found by Bacon 
in marsh-mallow root, are identical with asparagine. 

Sources. In the young shoots of Asparagus of. (Yauquelin & Robi- 
quet); in the haulm and root of Gonvcdlaria majalis and multiflora and 
of Paris quadr(folia (Walz); in the root of Glycyrrhiza glabra (Caven¬ 
tou), of Althaea of. (Bacon), especially in that from Narbonne (Buchner, 
PtepeH. 41, 368), of. Symphytum off. (Blondeau & Plisson, J. Pharm . 
13, 635), of Robinia pseudacacia (Hlasiwetz, J. pr. Ghem. 64, 64.) 
[Reinsch ( Repert. Pharm. [2], 39, 19S ; Berz. Jahresber, 26, 524) had stated that the 
root of this plant contained a peculiar acid, which he named rcbinic acid , but Hlasiwetz 
showed that the crystals which separate from the aqueous decoction of the root after 
evaporation to a syrup, are not, as Reinsch supposed, the ammonia-salt of a peculiar 
acid, but consist of asparagine] ; — in the tubers of Solanim tuberosum 
(Yauquelin); in the leaves of Atropa Belladonna (Biltz, Ann. Pharm. 
12, 54); in the sprouts of the hop (Leroy, J. Ohim. med. 16, 8); in the 
milky juice of Lactuca saliva (Aubergicr); in Oniithogalum caudatum 
(Link.) — The Gynocline obtained by Semnola (Berzel Jahresber , 24, 525) 
from Cynodon Dactylon appears also to be identical with asparagine. 
The seeds of the following papilionaceous plants contain no asparagine, 
but the germs which spring from them when kept in a cellar where 
water has access to them, are rich in that substance. Pisum sativum, 
Ervum Lens, Phaseolus vulgaris, Vicia Faba and saiiva , Gytisus Labur¬ 
num, Trifolium pratense, Hedysarum Onobryckis. [Also, according to 
Dessaignes, (X. Ann. Ohim. Phys. 34, 183), Lathyrus odoratus and 
latifolnis, Genista juncea , Oolutea arborescens\ One litre of juice ex¬ 
pressed from the germs yields, in the case of peas, 8*5 grammes of pure 
asparagine; of French beans, the juice of which likewise contains nitre, 
5*5 grm.; of broad Windsor beans, 14*0 grm.; of vetches, 9*0 to 40*9 
grni. The root-germs of vetches contain as much asparagine as the stem- 
germs; hut the permanent cot 3 T ledons contain none. The corms of 
Dahlia pinnaia, and the roots of Althcea off., when kept in a cellar, 
yield germs containing asparagine; hut the germs of oats, buckwheat, 
cucumber-seed, and potato-tubers are free from that substance. (Dessaignes 
& Chautard.) The germs of vetches formed in light contain just as 
much asparagine as those which grow in the dark; the nitrogen required 
for the formation of the asparagine appears to he derived, not from the 
air, but from the legumin of the seed; this however contains no aspara¬ 
gine, the plant arrived at the flowering stage contains only a trace, and 
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after it las run to seed, none at all. (Piria.) f. Pasteur, on the other 
liand (A r . Ann. Ghim. Phys. SI, 70), finds, like Dessaignes & Chautard, 
that green vetches growing in light are free from asparagine, while those 
which grow in a cellar yield 5 or G grin, asparagine in 1 litre of juice.— 
Asparagine is likewise contained in chestnuts. (Dessaignes, F. J. Pharm. 
25, 28.) IT. 

Preparation. 1. From Asparagus. The juice of asparagus expressed, 
filtered, and evaporated to a syrup, deposits, after standing quietly for 
some time, crystals of asparagine, which must he mechanically separated 
from crystals of saccharine matter which accompany them, and purified 
hy recrysfcallization from water. (Vauquelin & Robiquefc.) —As the mucus 
of asparagus interferes with the crystallization, it must be decomposed by 
fermentation, the young shoots of Asparagus off. or acutifolius (which latter 
yield more asparagine) being gathered in the month of May, wrapped up in 
damp linen, and left for about 4 days in the case of Asparagus acutifolius , 
and for 8 days in that of Asp. off., moistening them frequently during the 
whole time, till they acquire an unpleasant odour. They must then be 
bruised and pressed, with addition of water; the juice heated and strained 
from the coagulated albumin and clilorophyl; the syrup, which must be 
thicker when obtained from Asp. off. than in the case of Asp. acutifolius , 
exposed for several days to the open air; and the resulting crystals washed 
with water or weak spirit. (Regirabeau.) 

II. From Liquorice root. — Rohiquet exhausts the fresh root cut into 
small pieces with water; precipitates the albumin from the filtrate by 
boiling, the glyeyrrhizin hy distilled vinegar, the phosphoric and malic 
acids together with brown colouring matter, by neutral acetate of lead, 
and the excess of lead by sulphuretted hydrogen; and evaporates the 
remaining liquid to a small hulk, whereupon it deposits crystals of aspa¬ 
ragine after a few days. — Plisson, instead of acetic uses sulphuric acid, 
which precipitates the glyeyrrhizin'more quickly, and renders smaller 
quantities of acetate of lead and sulphuretted hydrogen sufficient in the 
subsequent part of the process. From 100 parts of the fresh root he 
obtained 0*S pt. asparagine; the dry root yielded none. 

III. From Ifarsh-malloio root. — 1. JThe dry root freed from the 
outer skin and cat in pieces is thrice exhausted at a gentle heat with 
four times its weight of w r ater; and the strained infusion boiled and eva¬ 
porated to a thin syrup: this, when left for some days in a cool place, 
yields crystals which must be washed with a little cold water, and 
purified by crystallization from water; they amount to 2 per cent, of 
the root. (Plisson & Henry.) — The same process is adopted by Boutron 
& Pelouze, excepting that they likewise bruise the root and exhaust it 
twice by 4S hours 5 maceration with water cooled to 70°. — Regimbeau 
objects to the bruising of the root, because it then yields a gummy infusion; 
lie treats it with water at 1° or 2°, and adds alcohol to the evaporated 
infusion, to prevent decomposition. — Larocque precipitates the mucus 
contained in the watery extract by alcohol before evaporation. — 2. The 
dry root, cleaned and cut in pieces, is exhausted four times with cold 
water; the infusion evaporated in the water-bath; the very soft extract 
boiled with ^ pt. alcohol of 82° Em. (to 1 pt. of the root); the alcohol 
decanted; the residue thrice treated in the same manner; the extracts 
separately set aside for five days, whereupon they, especially the second, 

vol. x. R 
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deposit crystals of asparagine; the alcoholic liquid decanted therefrom 
abandoned to spontaneous evaporation, whereupon it deposits an addi¬ 
tional quantity of impure asparagine in the form of a yellowish white 
powder; the whole of the asparagine (amounting to 0*3 per cent, of the 
root) washed with cold water, which removes a quantity of brown 
extractive matter, and boiled with 25 pts. of spirit of 20° Bm., or with 
17 pts. of water; and the solution purified by treatment with animal 
charcoal, filtered boiling hot, and left to cool: it then deposits white 
crystals. (Plisson.) — In a similar manner, Blondeau obtained asparagine 
from Symphytum root. — If the extract has been too much dried, or if 
the alcohol has been too strong, no asparagine is extracted; if the alcohol 
is too weak, nothing crystallizes out. (Plisson.) — By Plisson’s pro¬ 
cess, using spirit of 80 per cent., the quantity of asparagine obtained 
amounts to 0*3 per cent.; with 60 per cent, spirit, only ^ of that 
quantity; by boiling the root with water, only a trace is obtained 
(Trommsdorff, N. Tv. 19, 1, 170;) because the gum [starch 1 ?] which dis¬ 
solves in the water, converts the asparagine into aspartic acid. (Boutron 
& Pelouze.) — If the watery extract obtained by Plisson’s process, which 
becomes very acid during the evaporation, be boiled five times with 
spirit of sp. gr. 0*835, the resulting alcoholic solution deposits on cooling, 
first a brown mass, and then, on decanting the liquid from this deposit, 
a quantity of crystallized asparagine, amounting to 0*4 p. c. of the root. 
But the mother-liquor, together with the portion of the extract not 
dissolved by the alcohol, yields, when dissolved in water, precipitated by 
acetate of lead, freed from lead by sulphuretted hydrogen, and then 
filtered and evaporated, a thick syrup, which solidifies over night in a 
crystalline mass, whence, by boiling with alcohol, an additional 1*2 per 
cent, of asparagine may be obtained, together with a small quantity of 
aspartate of magnesia. (Wittstock.)— If the root be exhausted with 
boiling spirit of sp. gr. 0*835, no asparagine is obtained, either from the 
alcoholic extract, or from the residue of tbe root when exhausted with 
cold water. (Wittstock.) — The root, after being twice boiled with water, 
yields to cold water 0*7 p. c. asparagine. (Boutron & Pelouze.) Similarly 
the root, after being exhausted with ether, and then with alcohol of 
36° Bm., yields asparagine to lukewarm water. (Larocque, F. J. Fharm. 
6 , 352.) 

IV. From Felladomict. The extract obtained by evaporating the 
expressed juice, becomes filled, when left at rest for several days, with 
crystals of asparagine, which may be washed with cold water and crys¬ 
tallized several times from hot water. (Biltz.) 

V. From the young shoots of Vetches , &c. (p. 240). — Vetches are left 
to germinate on moist garden-mould or sand till the shoots are about 
half a metre long; the juice pressed out, evaporated, strained from the 
coagulated albumin, and concentrated to a syrup, which then, after 
standing for some time, yields brown crystals. Lastly, these crystals arc 
washed with cold water, crystallized from hot water, and completely 
purified by solution in hot water, digestion with animal charcoal, and 
recrystallization. By this process, 100 pts. of vetches yield 4*5 pts. of 
brown or 3*0 pts. of pure crystals. (Piria.) 

Tbe crystals obtained by either of these processes contain 2 At. water 
which may he expelled by heating to 100°. 

Properties, vid. Hydrated Asparagine (p. 24 i). 
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Dried at 100°. 

SC .. 48 .... 36*36 . 

2 N . 28 .. . 21*21 . 

8 H . 8 .. . 6*06 . 

6 0 . 48 .... 36*37 . 


C s N 2 H 8 0 6 . 132 .... 100*00 . 100*00 .... 100*00 . 100 00 

Asparagine is related to malic acid in the same manner as oxamide (C 4 N 2 H 4 Q 4 ) to 
oxalic acid (C 4 H 2 O s ). Piria.—Neverthless, Pasteur regards malamide prepared as 
above from malic ether as different from asparagine (p. 227). 

Decompositions. 1. From asparagine roasted till it becomejs slightly 
brown., water extracts a small quantity of asparagine together with a 
bitter substance, and acquires a yellow colour by transmitted, and green 
by reflected light. (Plisson & Henry.) — 2. Asparagine subjected to dry 
distillation yields carbonate of ammonia, a colourless liquid, then a brown 
empyreumatic oil, and charcoal. (Trommsdorff, Biltz.) In the open fire, 
asparagine swells up, turns brown, gives off at first vapours having an 
empyreumatic, woody odour, afterwards vapours having an ammoniacal 
animal odour, and leaves a loosely coherent charcoal, which burns com¬ 
pletely away. (Vauquelm & llobiquet; Plisson.) — When asparagine is 
heated to 200°, till it no longer evolves any ammoniacal odour, there 
remains a brown, sparingly soluble substance, which, when treated with 
hydrochloric acid, yields aspartic acid crystallized in short hard prisms. 
(Dessaignes; comp. p. 220 ) — Chlorine, bromine, and iodine exert no 
action on asparagine. (Plisson & Henry.) — 4. Cold nitric acid con¬ 
taining nitrous acid quickly converts asparagine into nitrogen gas and 
malic acid. (Piria.) 

C 8 N-H s 0 6 + 2N0 3 = C s H R 0 ln + 4N + 2HQ. 

When nitric oxide gas is passed through a solution of 1 pt. asparagine 
in 1 pt. of pure and moderately strong nitric acid, an evolution of 
nitrogen gas commences immediately and rapidly increases; the liquid 
becomes slightly heated; and if it be then saturated with marble and 
filtered, it will afterwards throw down malate of lead from a solution of 
the acetate. (Piria.) — 5. By solution in most of the stronger acids and 
heating, asparagine is resolved into an ammonia-salt and asjiartic acid: 

C s N 2 H s O° + 2HO - C 8 NH"O a + NIP. 

It dissolves, without effervescence, in cold nitric acid (Robiquct), forming 
nitrate of ammonia and aspartic acid. (Plisson & Plenry.) It dissolves 
in 3 pts. of oil of vitriol, without blackening, forming sulphate of am¬ 
monia and aspartic acid, which when heated turns brown from decom¬ 
position. (Plisson & Henry.) Dilute sulphuric acid likewise converts it 
into ammonia and aspartic acid. (Piria.) Its solution in strong hydro¬ 
chloric acid evaporated at a gentle heat, leaves sal-ammoniac and asjDartic 
acid. (Plisson & Henry.) The lamina? of asparagine which form when 
its solution in hydrochloric acid is evaporated to a syrup after an hour’s 
boiling, are distinguished by their deliquescence, arising from adhering 
hydrochloric acid; if, therefore, the liquid he saturated with pieces of 
marble, aspartic acid of ordinary solubility separates out. (Piria.) Con¬ 
centrated acetic acid likewise forms aspartic acid and acetate of ammonia, 
though slowly. (Plisson & Henry.) — G. In a similar manner, asparagine 

n 2 


16 Pelouze. & Henry. & Will. 

36*70 .... 38*94 . 37*82 

21*19 . . 22*47 .... 22*13 .... 21*27 

6*17 .... 6*37 .... 5*67 

35*94 .... 32*22 . .. 34*38 
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is converted by the action of the stronger salifiable bases into a salt of 
aspartic acid, and ammonia which escapes (Plisson): 

C s N 2 H 8 O n + HO,KO = C 8 NH 6 O s + NH 3 . 

Aqueous ammonia produces this change slowly at a boiling heat. (Plisson 
& Henry.) — Hydrate of potash triturated with asparagine gives off 
ammonia after a while. (Robiquet.) When such a mixture is fused at a 
gentle heat, ammonia is evolved and aspartate of potash formed, which 
however, at a stronger heat, is converted, with evolution of hydrogen 
and ammonia, into acetate and oxalate of potash. (Piria.) Plisson & 
Henry, who heated the mixture to redness, likewise obtained oxalate 
and carbonate of potash. — Cold potash-solution eliminates ammonia 
from asp>aragiue, only when very much concentrated; the hot solution 
effects the transformation with facility. (Plisson & Henry.) — By boiling 
with baryta-water, 132 pts. (1 At.) of dry asparagine are converted into 
132*7 pts. (1 At.) of aspartic acid. (Boutron & Pelouzo.) — Magnesia 
and hydrated oxide of lead likewise decompose asparagine, when boiled 
with it for some time in water, yielding ammonia and a salt of aspartic 
acid. (Plisson.) — 7. Asparagine dissolved in water is very slowly con¬ 
verted, by boiling under the ordinary pressure, into aspartate of ammonia 
(Plisson & Henry); but when it is enclosed in a sealed glass tube, and 
heated till the pressure amounts to 3 or 4 atmospheres, the decompo¬ 
sition takes place immediately without formation of any permanent gas. 
(Boutron & Pelouze.) — On the other hand, asparagine dissolved in 
water is not altered by exposure to a pressure of 30 atmospheres at 
ordinary temperatures. (Erdmann, J . pr . Gliem . 20, 69.) — 8. The solution 
of pure asparagine crystals may be kept without alteration, but the 
solution of the crystals which still retain some degree of colour, passes 
into a state of fermentation, acquiring a slightly alkaline reaction and 
the odour of putrefying animal substances, and becoming covered with 
a film of infusoriae, while the whole of the asparagine is converted into 
succinate of ammonia. (Piria.) 

C s N 2 H p 0 6 + 2HO + 2H = 2NH 3 ,CSH fi O c? . 

Consequently, 2 HO and 2 H are added to the asparagine, the hydrogen 
being derived from the putrefying matter. The solution of perfectly 
pure asparagine passes into the same state of fermentation, on addition 
of a small quantity of the juice expressed from the young shoots of. 
vetches. (Piria.) Asparagine fermented under the influence of casein, is 
converted first into aspartate of ammonia, then into succinate. (l)es- 
saignes, p. 110.) 

T* Combinations. With Water. — a. Hydrated Asparagine; crystallized 
Asparagine.— 'Preparation, (p. 241.) — Transparent, colourless crystals be¬ 
longing to the right prismatic system. — Rectangular oetohedrons, trun¬ 
cated on the shorter edges of the base and at the acute angles of the 
base. (Vauquelin & Robiquet; Plisson.) Right rhombic prisms, u : u = 
130 (Vauq. & Rob.); 129*30 (Bernhardi); the acute [summits and termi¬ 
nal edges truncated (Vauq. & Rob.); the acute summits truncated, but 
only two terminal edges truncated at each end, and on alternate sides : 
7 ? : « = 116° 21 ; (Bernhardi). Six-sided prisms (Plisson & Henry); 
rhombohedrons [?] and six-sided prisms. (Leroy). — Compare Bernhardi, (Ann. 
Pharm. 12, 5S; Miller, Phil. May. 6, ICO; also Pogg. Z6, 477). 

The crystals of asparagine are hard and brittle (Vauquelin & 
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Robiquet), and crumble to powder with a crackling noise between the 
teeth. (Plisson & Henry.) Their specific gravity at 14° is 1*519. 
(Plisson & Henry.) They are inodorous (Plisson Henry); and nearly 
tasteless (Robiquet); have a juicy taste (Plisson & Henry); a cooling 
but somewhat nauseating taste. (Vauquelin <& Robiquet.) They do not 
impart any odour of asparagus to the urine, even when taken in large 
quantity. (Plisson & Henry.) Their aqueous solution slightly reddens 
litmus. (Plisson & Henry, Piria, Trommsdorf, Leroy.) They are per¬ 
manent in the air. (Trommsdorff.) They soften at 100° (Plisson & 
Henry), becoming milk-white (Biltz), and giving off all their water 
(Boutron k Pelouze; Liebig), which, according to Liebig, amounts to 
12* 35, and according to Marcliand (J. pr. Ghem. 20, 264,) to 12*20 per 
cent. ^T. The solution of asparagine in water or in alkalis turns the 
plane of polarization of a ray of light to the left, but its solution in acids 
turns it to the right. Like other - circularly polarizing bodies, it forms 
crystals having hemihedral faces. (Pasteur.) IT. 


Crystals. 


Liebig. 

Piria. 

Marohand 

8 C . 

.. 48 

... 32*00 ... 

... 32*35 .... 

.... 31*80 . 

.. 32-20 

2 N . 

.. 28 .. 

... 18*67 .... 

. .. 18*73 . 

. . 18*80 

. 19*08 

10 H . 

.... 10 .. 

.. 6*67 . 

... 42*66 .... 

.. . 6*84 .... 

6*83 

. 6*60 

8 0 . 

.... 64 .. 

. .. 42*08 ... 

.... 42*33 

. 42 12 

C s N-H s 0 5 + 2HO ... 

... 150 . 

... 100*00 ... 

.. .. 100*00 .... 

. . 100-00 

. 100*00 


b. Aqueous Asparagine. — The crystals dissolve in 11 pts. (Biltz), in 
about 60 pts. (Leroy), in 58 pts. (at 13°, Plisson & Henry) of cold 
water, and in 4*44 pts. of boiling water. (Biltz.) It dissolves in greater 
quantity, the more completely it is freed from aspartate of lime and 
magnesia. (Regimbeau.) From a saturated aqueous solution mixed 
with an equal quantity of alcohol, crystals of asparagine separate after 
a while. (Biltz.) 

Asparagine cannot be melted with phosphorus; when it is melted with 
sulphur, it forms a red solid mass, which melts again at a stronger heat, and 
gives off sulphuretted hydrogen, but without decomposition of the 
[greater part of the] asparagine. (Plisson & Henry.) 

Sulphate of Asparagine. — The solution of 3 pt. asparagine in 1 pt. 
dilute sulphuric acid, evaporated over oil of vitriol at ordinary tempe¬ 
ratures, deposits crystals of asparagine, and leaves a in other-liquor, 
which dries up to a colourless amorphous mass, from which carbonate 
of lime throws down asparagine in its original state. (Dessaignes & 
Chautard.) IT. With less than 2 At. sulphuric acid, crystals of asparagine 
always separate out; a solution of asparagine in 2 At. sulphuric acid no 
longer yields crystals of asparagine, but the compound cannot be obtained 
in crystals, even on addition of alcohol. (Dessaignes.) IT. 

Hydrochlorate of Asparagine. — a . A solution of 1 At. asparagine in 
1 At hydrochloric acid, evaporated over lime at ordinary temperatures, 
leaves a very solid, pleasantly acid gum, which contains but a mere 
trace of sal-ammoniac, and yields asparagine again when decomposed by 
carbonate of soda. (Dessaignes & Chautard.)— Ik A crystallized compound 
is obtained by dissolving 1 At. asparagine in 1 At. dilute hydrochloric acid, 
evaporating the solution at a gentle heat, and adding alcohol. — The 
same compound is likewise formed by exposing hydrated asparagine in 
fine powder to the action of dry hydrochloric acid gas, and expelling 
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the excess of tlie gas by a stream of <lry air : tlie asparagine then in¬ 
creases in weight by 23*19 per cent. The compound when exposed to 
moi3t air gives off* acid vapours; and on dissolving it in hot water 
after the evolution of these vapours has ceased, and leaving the solution 
to cool, large crystals separate out, which, after rapid washing and 
drying, are not deliquescent. (Dessaignes.) 

Crystals. 

C a N 2 H s 0 6 . 132*0 .... 78*35 

HC1 . 36*4 .... 21*65 . 21*39 

C S JN 2 H 8 0 6 ,HC1.. . . 168*4 .... 100*00 

b. Anhydrous asparagine absorbs dry hydrochloric acid gas. After 
the stream of gas had been continued for a long time, a compound 
was obtained, which in two instances yielded 10*02 and 10*98 p. c. 
hydrochloric acid. The formula 2 C 8 N 2 H 8 0 6 ,HC1 requires 12*11 p. c. 
(Dessaignes.) 

titrate of Asparagine . — On dissolving 1 At. asparagine in 1 At. 
dilute nitric acid, concentrating the solution to a syrup in vacuo over 
lime, and placing the residue in a gently heated drying chamber, it 
changes almost entirely to large non-deliqnescent crystals, containing 
nothing but asparagine and nitric acid. (Dessaignes.) IT, 

Asparagine with Potash. — A warm aqueous solution of asparagine 
acquires an alkaline reaction, by addition of a mere trace of potash, and 
on cooling yields crystals,' which, after washing, redden litmus, and are 
free from potash. (Plisson.) Crystals of asparagine (but not the solu¬ 
tion), treated with a saturated solution of bicarbonate of potash, evolve 
bubbles of carbonic acid, but often not till gently heated. (Plisson & 
Henry.) — The crystalline powder of asparagine, when an alcoholic solu¬ 
tion of potash is poured upon it, forms a soft compound, which becomes 
syrupy when heated, and mixes little or not at all with the supernatant 
liquid. This syrup repeatedly washed with water, and dried in the hot 
air chamber, becomes gummy, and solidifies on cooling to a transparent 
colourless glass, which contains 26*10 p. c. potash, and is therefore 
C 8 N-H 7 KO. [The formula KO a C M N-H rt 0 8 agrees much better with the quantity of 
potash found.] — The compound swells up strongly wdieu gently heated, 
and gives off ammonia. (Laurent.) — IT. On gradually adding an excess of 
finely pounded asparagine to an alcoholic solution of potash, gently 
heated in a glass tube closed with a cork, the liquid, which is at first 
turbid, becomes clear after a while, and the sides of the tube become 
covered with laminated crystals. (Dessaignes.) IT. 

Aqueous asparagine does not precipitate baryta-water. (Plisson.) 

Aqueous asparagine forms with lime-water an alkaline mixture, yield- 
ing crystals of asparagine, which redden litmus again after washing, but 
contain a little lime. (Blitz.) — Asparagine dissolves lime, but the 
compound does not crystallize, and could not bo obtained without excess 
of lime. When heated to 100°, it gives off* a small quantity of ammonia. 
When dried in vacuo and decomposed with oxalic acid, it yielded 20*66, 
20*o0, and 20*62 p. c. lime, and 84*97 asj>aragine dried at 130°. The 
formula C b A T2 H 7 Ca0 6 requires 18*60 p. c. lime, and 84*41 p. c. asparagine, 
C 8 N 3 H 6 O fl . (Dessaignes.) f. 1 1 * 

Aqueous asparagine does not precipitate tartar-emetic, basic acetate 
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of lead, ferric or ferrous salts, or nitrate of silver (Plisson); or proto- 
chloride of tin (Trommsdorff) ; or the salts of manganese or copper 
(Plisson & Henry). 

Asparagine with Zinc-oxide. —A solution of zinc-oxide in boiling 
aqueous asparagine yields, on cooling, crystalline lamina}, which give 
off only a trace of water at 100°; they contain 25*17 per cent, of zinc- 
oxide, and are therefore = C 8 N 2 H 7 ZnO G . (Dessaignes & Chautard.) 

Asparagine with Gadmic oxide. — Cadmic oxide dissolves readily 
in aqueous asparagine; and the liquid, if filtered hot, deposits on cooling 
a large quantity of delicate shining prisms. (Dessaignes.) 

Dried in vacuo. Dessaignes. 

CdO. 04 .. 34*05 . 34*60 

C s N 2 H s 0 5 .... 124 65*95 

C s N 2 H"CdO G . 188 . . 100*00 % 

Asparagine with Lead-oxide. Asparagine boiled with an aqueous 
solution of neutral acetate of lead, slowly drives out the acetic acid and 
forms a solution, which, when evaporated over oil of vitriol, leaves a 
colourless gum, difficult to dry even at 100°. — The aqueous solution of 
1 At. asparagine and 2 At. nitrate of lead leaves a gum but no crystals 
when evaporated. (Dessaignes & Chautard.) 

Asparagine with Cupric Oxide. — 1. The azure-blue solution obtained 
by boiling asparagine with cupric oxide and water deposits an azure-blue 
crystalline powder. — 2. Better : A mixture of the Lot-saturated solutions 
of asparagine and cupric acetate, yields, especially when heated, an ultra¬ 
marine-coloured precipitate which increases as the liquid cools. — The 
compound does not give off any water when heated to 100° in a dry 
current of air, but decomposes at a higher temperature, with copious 
evolution of ammonia. It is nearly insoluble in cold water, dissolves 
sparingly in hot water, readily in acids and in ammonia. If the copper 
be thrown down from the solution of this salt by sulphuretted hydrogen, 
the filtrate yields by evaporation, crystallized asparagine in its original 
state. (Piria.) 


CuO . 

. 40 

24*54 . 

Piria. 

24*39 

8 C . 

... 48 . 

.. 29*45 . 

.... 29*30 

2 N . 

. 28 . 

. 17*18 

.. 17*25 

7 H . 

. 7 . 

4*29 .... 

4*43 

5 0 . 

. 40 . 

. 24*54 

. . 24*57 

C ,s N 2 H'Cu0 6 . 

.103 . 

... 100*00 .. 

. 100*00 


IT. When 1 At. asparagine and 1 At. cupric sulphate were dissolved 
together, the mixture yielded on cooling, needles of the compound of 
asparagine with cupric oxide. The liquid filtered therefrom, which was 
blue and strongly acid, could not be made to crystallize. It contained 
asparagine, sulphuric acid and cupric oxide. The reaction may be repre¬ 
sented by the following equation: 

2C 8 N-H S 0 6 + 2(Cu0,S0 3 ) = C s N 3 H'CuO c + C 8 N 2 H s 0 6 ,H0,S0 3 + CuO,S0 3 . 

Asparagine tvith Mercuric Oxide .— Bed oxide of mercury dissolves 
readily in hot aqueous asparagine, forming a colourless liquid, which after 
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joncent ration forms a white precipitate with water, and dries ap to a 
rum. This gum swells up at 100°, assuming a dark grey colour, and if 
bhen dissolved in water, leaves a large quantity of grey powder, which, 
when triturated with gold and hydrochloric acid, amalgamates the gold. 
(Dessaignes & Chautard).—On gradually adding mercuric oxide to a 
hot solution of asparagine till it no longer dissolves, and then filtering 
and evaporating, the liquid dried up to a gummy mass, which, after 
drying in vacuo, contained only 41 *49 p. c. mercuric oxide, instead of 
46*76, the quantity required by the formula C 8 N 3 H 7 0 5 , HgO.—Aspara¬ 
gine was added in excess to boiling water in which mercuric oxide was 
suspended, and the liquid boiled, till the oxide was converted into a per¬ 
fectly white powder. This, after being several times washed with boiling 
■water, yielded results which did not agree exactly either with the formula 
C 8 N 3 H 7 0 5 ,2HgO, or with C 8 N 2 H 8 0 6 , 2HgO, as the following comparison 
will show. (Dessaignes.) 

* Calculation. 

Dessaignes. C 8 N-H70 5 ,2Hg0 C 8 N-il 8 0 G ,211g0. 


Mercuric oxide. 62*61 .... 62*90 .... 63*71 . 62*07 

Asparagine (dried at 140°) 41*76 .... 41*40 .. 38*93 37*93 

104*37 .... 101*30 . ... 102*64 100*00 


Asparagine with Mercuric Chloride. —"When 1 At. asparagine and 
2 At. mercuric chloride were dissolved together in water, the liquid 
yielded on cooling, a mixture of delicate prisms and large crystals, the 
latter consisting of asparagine; hut a solution of 1 At. asparagine and 
4 At. mercuric chloride yielded a homogeneous crop of crystals resem~ 
bling the slender prisms above mentioned. (Dessaignes.) 

Dried in vacuo. 

C 8 N 2 H 8 0 6 . 132*0 .... 19*61 

4 Hg . 400*0 .... 59*36 . 59*10 

4 Cl. 141*6 21*03 21*62 

C R N 2 H s O G ,4HgCl . 673*6 .... 100*00 % 

Asparagine with Silver-oxide. — Oxide of silver dissolves very readily 
In boiling aqueous asparagine; and the colourless filtrate evaporated in 
the dark over oil of vitriol, yields crystals united in fungoid masses, 
which are black by reflected and yellowish brown by transmitted light. 
After drying in vacuo over oil of vitriol, they contain 45*77 p. c. silver, 
and are therefore = C 8 N 3 H 7 AgO°. 

Asparagine with Nitrate of Silver. — The aqueous solution of 1 At. 
asparagine and 1 At. nitrate of silver, yields, when evaporated in the 
dark over oil of vitriol, first crystals of asparagine, then dendritic crystals, 
which, after drying over oil of vitriol, contain 41*33 per cent, of silver. 
A mixture of 2 At. nitrate of silver and 1 At. asparagine, yields by 
evaporation, crystalline discs consisting of very fine needles, which give 
off nothing at 100°, contain 47*7, and,) after recrystallization from water 
and drying at 100°, 45*29 p. c. silver: they are therefore perhaps 
= G s N 3 H 5 0 6 , 2(AgO, NO 5 .) (Dessaignes & Chautard.) 

b Asparagine is insoluble in cold absolute alcohol (Plisson & Henry); it 
is insoluble in cold, but dissolves in 700 pts. of boiling alcohol of 98 per 
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cent. (Biltz); it dissolves in 1000 pts. of cold and 290 pts. of boiling 
alcohol of SO per cent; and in 500 pts. of cold and 40 pts. of boiling 
alcohol of 60 per cent. (Biltz.) 

It does not dissolve in ether, or, even with tlic aid of heat, in oils either 
fixed or volatile. (Plisson & Henry.) 

Oxalate of Asparagine. —An aqueous solution of 150 pts. (1 At.) 
crystallized asparagine and 126 pts. (1 At.) hydrated oxalic acid, yields 
by evaporation, a homogeneous mass consisting of very small crystals, 
which, after drying in vacuo, amount to 222 pts. and give off nothing at 
100°. Consequently, 6 At. of water have escaped, and there remains the 
compound C 8 N 3 H 8 0 G , C 4 H 2 0 8 .— An aqueous solution of 2 At. asparagine 
and 1 At. oxalic acid in water, yields by evaporation a crystalline 
mixture of the^ same compound and pure asparagine. (Dessaignes & 
Chautard.) 

^[. Malamide. C 8 N 2 H 8 0 6 .— Isomeric, if not ide?itical with asparagine .— 
Obtained by the action of ammonia on malamic ether. When malamic 
ether is dissolved in alcohol and ammoniacal gas passed through the solu¬ 
tion, pure malamide separates out in roundish nodules. — Or the same 
result may be more easily attained by mixing malic ether with strong 
alcohol, passing dry ammoniacal gas through the liquid and then leaving 
it at rest. Malamide appears to resemble asparagine in most, if not in 
all, its properties. Crystallizes from its aqueous solution by slow evapo¬ 
ration in vacuo, in right rectangular prisms with dihedral summits, whose 
faces meet at an angle of 92° 5 0 r . (Demondesir, Compt. rend . 33, 227; 
Pasteur, N. Ann, C/dm. Phys. 38, 437; Jah'esber, 1853, 411.) 


c. Nitrogen-nuclei, 
a. Nitrogen-nucleus, C 8 N 2 AdH T . 

Creatine. 

C 8 N 3 H 9 0 4 = C 8 N 2 Ad*H 7 ,0 4 . 

Ciievreul. J. Pharm. 21, 234; also J. pr. Ohem. 6, 120. 

Max Pettenkofer. Ann. Pharm. 52, 97. 

Liebig. Ann. Pharm. 62, 282. 

PIeixNtz. Pogg. 62, 602; 70, 460; 73, 696; 74, 125. — Compt. rend , 
24, 500. 

Gregory. Chem. Soc. Qu . J. 1 , 25; also Ann. Pharm. 64, 100. 

Kreatin, Creatine. — Discovered in 1835 by Chevreul in the juice of 
flesh; more minutely examined by Liebig in 1847. 

Sources. In the muscular flesh of mammalia, birds, amphibia, and 
fishes. Lean horse-flesh contains 0*070, and the flesh of poultry 0*35 per 
cent. That of the marten yields less than that of poultry, but more than 
that of other mammalia; after horse-flesh follow in decreasing series the 
flcsli of the fox, roe-buck, stag, hare, ox, sheep, pig, calf, and pike; 
bullock's heart contains a large quantity of creatine. Fat animals yield 
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mucli less creatine than lean ones; e. g. a fox fattened on meat for 100 
days, yields only -J- as much as one that has been killed in the chase. 
(Liebig ) — Bullock's heart yields 0*142; the flesh of poultry 0*321; that 
of the pigeon 0 083, that of Gadus morrhua 0*170; and that of the Raja 
0*061 per cent. (Gregory.) Human flesh yields 0*067 p. c., and that of 
the alligator likewise contains creatine (Schlossberger, Ann. Phcirni. 66, 
80; 49, 344.) — The flesh of the Roi'qual whale (Balcenoptera musculus) 
likewise yields a small quantity of creatine. (D. Price, Chem. Soc. Qu. J. 
3, 229.) — Pettenkofer admits the existence of creatine in human urine; 
Liebig, that of creatine and cratinine together; but from Heintz’s expe¬ 
riments, it appears probable that human urine contains only cratinine, 
and that the precipitate obtained by treating the alcoholic extract of 
urine with chloride of zinc, is only a cratinine-compound, in the decom¬ 
position of which, however, part of the cratinine is converted into creatine. 
This however does not explain why the zinc-precipitate obtained by 
Liebig from fresh human urine yields creatine by decomposition as w*ell as 
cratinine, whereas that which is obtained from putrid urine yields only the 
latter. — Heintz supposes further that creatine is a product of muscular 
movement, and is discharged as an excrementitious matter in the urine 
in the form of cratinine, and therefore cannot well be regarded as an 
essential nutritive constituent of meat. — Creatine is likewise found, 
together with cratinine and seroline in blood. (Verdeil &> Marcet, N. J, 
Pliami. 20, 89.) 

Formation . From cratinine (q. v.) 

Preparation. 1. From Muscular Flesh. — a. The aqueous extract of 
beef is evaporated in vacuo; the residue exhausted w*ith alcohol, and the 
alcohol evaporated till the creatine crystallizes out. The greater portion 
remains however in the mother-liquor, being prevented from crystallizing 
by the presence of foreign bodies. (Cbevreul.) In a similar manner, 
Schlossberger obtained creatine from the flesh of the alligator: he purified 
the crystals by washing with cold alcohol. 

b. The fresh lean muscular flesh of mammalia or birds, is freed as 
much as possible from fat, (wdiicli would stop up the press-bag when the 
meat is subjected to pressure,) and chopped up fine; 5 lbs. of it then well 
kneaded with an equal weight of water; the liquid well pressed out in a 
coarse linen bag; the residue twice treated with water in a similar 
manner; 5 lbs. of muscular flesh kneaded together with the second ex¬ 
pressed liquid; the residue kneaded with the third expressed liquid, and 
then, after pressure, with 5 lbs. of pure water; and the united liquids 
strained through a cloth. The resulting reddish liquid, which reddeus 
litmus, is kept at 100° in a large glass flask over the water-bath, till 
the albumin and blood-red have completely separated in the form of a 
coaguluin, and a sample of the liquid remains clear when boiled. To 
decolorize the liquid obtained from some kinds of meat, it must be 
heated in a basin till it froths up. The liquid is then strained, first 
through linen, the coaguluin being pressed out, then through paper. 
— The titrate obtained from the flesh of the ox, roe-buck, hare or fox., which 
contains a large quantity of blood, retains a reddish tint ; that from veal, poultry or 
pike is nearly colourless; game and poultry yield a nearly transparent filtrate, which is 
very favourable to the obtaining of creatine; hotse-flesh and pike yield a tuibid filtrate. 
If the filtrate were evaporated alone, even below 100°, it would become coloured, m 
consequence of the presence of free acid which would decompose the creatine, — and 
leave, a dark-brown syrup having the odour of roast meat, which would yield but a very 
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small quantity of creatine, even after long standing. This appears to be the reason 
why Berzelius ( Jahresber. 8, 589) and Fr. Simon (N. Br. Arch. 20, 283) did not 
succeed m preparing creatine. — The filtrate is then mixed with saturated 
baryta-water, the addition of that liquid being continued, even after the 
filtrate has been rendered neutral or alkaline by it, as long as a precipitate 
of phosphate of baryta and phosphate of magnesia continues to form; 
the filtrate evaporated in a shallow basin over the water-batli to and 
the thickish residue set aside, first in a warm place to evaporate further, 
and then, after crystallization has commenced, in the cold. — The filtrate 
from poultry remains clear when evaporated, and becomes covered with a film of 
carbonate of baryta if too much baryta-water has been added ; that from beef becomes 
covered, when concentrated to a thin syrup, with a mucous scum which swells up m 
water, but is insoluble and must be removed; and that from veal or horse-flesh with 
films which are continually renewed and must be continually skimmed off. — The 
needles thus obtained are separated from the mother-liquor by filtra¬ 
tion, washed first with water then with alcohol, and dissolved in boiling 
water; and the solution, if coloured, digested with a small quantity of 
blood-charcoal, then filtered, and left to cool, whereupon it yields pure 
crystals of creatine. (Liebig.) — If a sufficient quantity of baryta-water 
has not beeu added, the crystals will he contaminated with phosphate of 
magnesia. In that case, the Lot aqueous solution must be boiled with a 
small quantity of hydrated oxide of lead; digested, after filtration, with 
blood-charcoal, which removes the last traces of lead; and the filtrate 
again left to crystallize. (Liebig.) 

c. As the chopped flesh of pike, when boiled with water, swells up 
to a gummy mass, from which the liquid cannot be expressed, a mixture 
of the chopped flesh with water must be thrown upon a funnel; small 
quantities of water allowed to run gradually through; and the slightly 
turbid, acid liquid, which smells and tastes of fish, separated from the 
soft, white coagulum, precipitated with baryta water, then filtered and 
evaporated. It then forms on cooling a colourless jelly, in which, in 
the course of 24 hours, crystals of creatine begin to form. (Liebig.) 

The extract of the flesh of poultry or pigeons deposits brown flakes, 
together with the creatine crystals; — the flesh of bullock’s heart often 
yields but few of the purer crystals, but a considerable quantity of brown 
flakes, from which boiling water extracts a large additional quantity of 
creatine. From skate and cod the juice may be easily expressed, after 
the flesh has been mixed with rather more than equal quantity of water; 
the jelly ultimately obtained from it, in which the creatine-crystals 
form, dissolves readily in cold water, and deposits more crystals; the 
flesh of cod yields the whitest creatine. — From the syrupy mother- 
liquors of crude creatine, chloride of zinc does not deposit any chloride 
of zinc and cratinine, or only a trace; but the mother-liquors obtained 
in the recrystallization of crude creatine yield this precipitate on addi¬ 
tion of chloride of zinc. (Gregory.) 

2. From Chloride of Zinc and Cratinine. — a. The solution of this 
compound in boiling water is digested with hydrated oxide of lead, till it 
acquires a strong alkaline reaction; filtered from the oxide of zinc and 
basic hydrochlorate of lead-oxide; digested with a little blood-charcoal, 
which removes the small remaining quantity of lead, together with fibrin; 
the filtrate evaporated to dryness; and the remaining mixture of creatine 
and cratinine, treated with an eightfold quantity of boiling alcohol to 
dissolve out the latter : the alcohol, on cooling, likewise deposits crystals 
of creatine, which are added to the undissolvcd residue ef creatine, and 
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the whole purified hy recrystaliization. (The alcohol filtered after 
cooling deposits cratinine.) (Liebig.) — b. The boiling aqueous solution 
of the zinc compound is treated with baryta-water, which precipitates 
zinc-oxide, together with the greater part of the adhering fibrin; car¬ 
bonic acid gas passed through the filtrate; the liquid again filtered to 
separate carbonate of baryta; the filtrate evaporated to dryness in vacuo'; 
the residue exhausted with alcohol; the baryta which has been taken up 
by the alcohol as chloride of barium, precipitated by sulphuric acid; the 
liquid again filtered, boiled with oxide of lead, treated with absolute 
alcohol to precipitate all the chloride of lead, and filtered from chloride 
and sulphate of lead; any lead that may yet remain dissolved, removed 
by sulphuretted hydrogen; and the filtrate evaporated to dryness in the 
water-bath. (Pettenkofer.) The residue thus obtained contains cratinine 
as well as creatine. (Liebig.) — c. The boiling aqueous solution of the 
zinc-compound is mixed with ammonia till it begins to show turbidity, 
and then precipitated with hydrosulphate of ammonia; the filtrate evapo¬ 
rated to a small bulk, and mixed with absolute alcohol; and the crystals 
of creatine, which separate from the liquid after long standing in the 
cold, purified by recrystaliization from water. (Heintz.) — [The cratinine 
remains in the alcoholic mother-liquor.] 

The crystals of creatine obtained hy either of these processes may 
he freed from water of crystallization hy heating them to 100°. (Liebig.) 

Properties. "White opaque mass. (Liebig.) Inodorous, without 
perceptible taste. (Chevreul.) Has a somewhat bitter taste, and scratches 
in the throat. (Liebig.) Neutral to vegetable colours. (Chevreul.) 


Dried at 100°. 



Liebig. 

Heintz. 




a. 

b. 

c. 

8 C. 

.... 48 .... 

36*64 .... 

.... 36*66 

.... 36*90 . 

... 36*39 

3 N. 

.... 42 .... 

32*06 ... 

. ... 32*15 

.... 32*61 . 

... 31*64 

9 II. 

.... 9 .... 

6*87 

. 6*96 

.... 7*07 . 

... 6*86 

4 0. 

.... 32 .. 

24*43 ... 

... . 24*23 

,. 23*42 . 

.. 25*11 

C 8 N 3 H 9 0 4 

.... 131 .... 

100*00 ... 

.... 100*00 

... 100*00 . 

... 100*00 


a was obtained from meat; b and c from the chloride of zinc and cratinine prepared 
from human urine. 

Decompositions . 1. Hydrated creatine when heated, first gives off 

its water of crystallization with decrepitation; then melts without 
becoming coloured; afterwards emits an odour of ammonia, hydrocy¬ 
anic acid and phosphorus; and, lastly, gives off yellow fumes, which 
condense partly to an oil, partly to needle-shaped crystals, and leaves 
a small quantity of charcoal. (Chevreul.) The charcoal is difficult to 
burn. (Schlossberger.) — 2. The solution of creatine in aqueous hy per¬ 
manganate of potash is decolorized by continued digestion, without evo¬ 
lution of gas, the creatine being decomposed and carbonate of potash 
formed. (Liebig.) The aqueous solution of creatine is not decomposed 
hy boiling with peroxide of lead. (Liebig.) It is not coloured by boiling 
with mercuric nitrate. (Chevreul.) — 3. Creatine dissolved in strong 
nitric, sulphuric, phosphoric, or hydrochloric acid, is converted into cra¬ 
tinine by abstraction of 2HO, the cratinine then combining with tho 
acid. (Liebig.) — But if these acids are dilute, the creatine remains 
unaltered, even after long boiling, and the solution in cold hydrochloric 
acid leaves, by spontaneous evaporation, crystals of puro creatine. 
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(Liebig.) —If dry hydrochloric acid gas be passed oyer 140 pts. (1 At.) 
of hydrated creatine heated to 100° in Liebig’s drying apparatus, the 
weight first increases by absorption of hydrochloric acid; but if dry air 
be then passed through the apparatus for some time, water is continu¬ 
ously given off, and the compound diminishes in weight, till it amounts 
to only 154*16 pts. and contains 38*05 pts. (a little more than 1 At.) 
hydrochloric acid. Hence 36 pts. (2 At.) of water of crystallization, and 
2 At. more produced from the creatine), have been given off, and on 
the other hand, 38*05 pts. (1 At.) hydrochloric acid have entered into 
combination with the hydrated creatine : 

+ HCI = C 8 N 3 H70 2 ,HC1 + 4HO. 

131 pts. (1 At.) of dry creatine similarly treated with hydrochloric 
acid gas take up about 18*04 pts., because, in this case, only 18 pts. 
(2 At.) water are given off for every 36*4 pts. (1 At.) hydrochloric acid 
taken up. (Liebig)—The colourless solution of creatine in nitric acid 
of sp. gr. 1*34 gives off nitrous fumes when heated in the water-bath, 
and leaves on evaporation a colourless residue [of nitrate of cratinine ?], 
which dissolves in water, separates out therefrom in small gi’anules, and 
does not precipitate bichloride of platinum. (Chevreul.) — 4. By boiling 
with a small quantity of baryta dissolved in water, creatine is resolved 
into sarcosine (ix. 432), and urea, which is then quickly resolved by the 
baryta into carbonic acid and ammonia. (Liebig) : 

CWfHO 4 + 2HO = OuNHW + C 2 N 2 H l 0 2 . 

An aqueous solution of creatine saturated at a boiling heat, and mixed 
with crystals of baryta amounting to 10 times the weight of the creatine, 
remains clear at first, but, if the boiling he continued, gives off abun¬ 
dance of ammonia; deposits carbonate of baryta at the same time; and, if 
fresh baryta he added from time to time, is ultimately found to contain 
scarcely any thing but sarcosine and carbonate of baryta; and, if the 
operation he interrupted during the strongest evolution of ammonia, 
likewise a little urea. A small quantity of another substance, probably 
urethane (ix. 274), is however produced at the same time; for if the 
alcohol from which the sulphate of sarcosine has crystallized out (ix, 433) 
he mixed with water, neutralized with carbonate of baryta, filtered and 
evaporated to a thin syrup, colourless needles and lamincc are obtained, 
which redden litmus very slightly, fuse and volatilize when heated, without 
leaving baryta, dissolve in water, in alcohol, and in 30 pts. of ether, and 
whose aqueous solution does not precipitate the salts of baryta lime or silver, 
or neutral acetate of lead, or corrosive sublimate. (Liebig.) — 5. The 
aqueous solution becomes turbid by long standing (if, according to 
Liebig, it contains a trace of foreign organic matter), and evolves a 
sickening ammoniacal odour. (Chevreul.) — IT. 6. When nitrous gas is 
passed into a solution of creatine in nitric acid, an alkali is formed, 
having the] composition C 6 NH 5 . (Dessaignes, Compt. rend. 38, S39; see 
also ix. 378.)—7. When an aqueous solution of creatine is heated with 
mercuric oxide, carbonic acid is evolved, and methyluramine (CWH 7 ) 
obtained in the form of an oxalate. (Dessaignes, ix. 357): 

2C 3 N 3 H 9 0 4 4- 100 = 2C 4 N 3 j£B ; C 4 R 2 0 3 + 4C0 3 + 2HO. 

Combinations, a. With Water. — a. Hydrated Creatine , Crystals of 
Creatine. — Creatine* crystallizes from its aqueous solution in trans- 
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parent, colourless, highly lustrous, oblique rhombic prisms and needles, 
resembling in form those of neutral acetate of lead (Liebig). (Fig. 01, 
together with the Mace; i:f=108°55'; %:w=46°58': Heintz). In 
nacreous rectangular prisms (Chevreul); in cubes (Schlossberger).— 
Their specific gravity lies between 1*35 and 1*84. (Chevreul.) When 
covered with a non-exhausted bell-jar, they effloresce on the surface, and 
become covered with a mealy powder, giving off 2*84 p. c. water 
(Heintz); at 100° they become quite opaque, and give off 12*17 p. c. 
(Liebig); 13*08 p. c. (Heintz.) 





Liebig. 

Or: 



8 C . 

. . 48 . 

32*22 

. 32*70 




3 N . 

... 42 . 

.. 28*19 

. .. . 28*32 

C s N 3 H 9 0 1 .. 

.. 131 . 

... 87*92 

11 H. 

... 11 . 

.. 7‘3S , 

. 7*36 




6 0. 

... 48 . 

.. 32*21 

. 31*62 

2HO . 

. 18 . 

. 12*08 

CWHUQ 6 . 

.149 

. 100*09 , 

.. .. 100*00 


149 . 

. 100*00 


ft. Aqueous Creatine. — Creatine dissolves in 83 pts. of water at 18° 
(Chevreul), in 74*4 pts. (Liebig); it dissolves abundantly in hot water, 
so that a solution saturated at the boiling heat solidifies on cooling in a 
mass of delicate needles. 

b. With Acids. Creatine dissolves slowly in oil of vitriol and without 
colour in strong hydrochloric acid. (Chevreul) It does not neutralize' 
the weakest acid, even when added in very large quantity. (Liebig.) 

IT. Sulphate of Creatine. C s N 3 H 9 0 4 ,H0,S0 3 , and the Hydrochlorate 
C 8 N 3 H 9 0 4 ,HC1, are obtained in fine prisms by dissolving creatine in the 
proper quantity of acid, and evaporating the solution at 30° or in vacuo; 
they are soluble in water but not deliquescent. (Dessaignes.) 

Xitrate of Creatine. — 1 . Obtained by dissolving crystallized creatine 
in the requisite quantity of nitric acid, and evaporating the solution at 30°. 
— 2. By passing a rapid stream of nitrous gas through water containing 
an excess of creatine in suspension. The creatine dissolves with tolerable 
rapidity, and a considerable quantity of small shining crystals of the 
nitrate are formed, which, when recrystallized by dissolving them in 
lukewarm water and cooling, form thick short prisms. This salt is less 
soluble in water than the sulphate or hydrochlorate. The solution has 
a very sour taste, and is decomposed by ammonia w r ith precipitation of 
creatine, (Dessaignes.) Compt. rend. 38, 839; Ann. Fharm. 92, 409. 


Crystals. Dessaignes. 

C s N 3 H ,f O l . 131 ... G7*53 

HO,NO 5 . 54 .... 32*47 . 32*36 


C s N 3 H 9 0 bHOjNO 5 . 185 .... 100*00 

Bj dissolving 1*057 grm. of creatine in a quantity of nitiic acid containing 0*447 
gnn. HO,NO 5 , and evaporating at 30°, Dessaignes obtained 1*373 grms. of crystallized 
nitrate; the formula requires 1*376. *jf. 

From a solution in warm baryta-water creatine crystallizes on cooling 
without taking up any baryta. (Liebig.) 

The aqueous solution of creatine does not precipitate: Chloride of 
barium, subacetate of lead, ferric sulphate, cupric sulphate, nitrate of 
silver, or bichloride of platinum. (Chevreul.) — It does not precipitate 
chloride of zinc, unless it contains cratininc. (Heintz.) — The warm non- 
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boiling, aqueous solution, added to chloride of zinc, does not throw 
down any crystalline compound, but yields the creatine in the separate 
state on cooling. (Liebig.) On boiling the mixture, the zinc-precipitate is 
formed (Heintz), probably from conversion of the creatine with cratinine. 

Creatine dissolves in 2000 pts. of alcohol of sp. gr. 0*810 at 15° 
(Chevreul); it dissolves in 9410 pts. of cold absolute alcohol, more readily 
in hydrated alcohol. (Liebig.) 

It is nearly or quite insoluble in ether. (Heintz.) 


ft. Nitrogen-nucleus. C 8 N 3 H 5 0 2 . 

Cratinine. 

C 8 N 3 H 7 0 2 = C 8 N 3 H 5 0 2 ,H 2 . 

Liebig. Ann. Pharm. 62, 298 and 824. 

Heintz. Fogg , 62, 602; 73, 59.5; 74, 125. 

Kratinin, Kreatinin, Creatinine. On account of the too great similarity between 
the words creatine and creatinine, which, might lead to confusion, 1 propose to chop 
the e in the first syllable of the latter. (6m.) — Heintz and Pettenkofer in 1S44, 
and nearly at the same time, discovered in human urine a nitrogenous 
substance which formed a crystalline precipitate with chloride of zinc. 
The crystalline substance separated from this precipitate was regarded 
by Pettenkofer as a peculiar compound = C 8 N 3 H s 0 3 [plainly a mixture of 
creatine and cratinine], by Heintz, at first as an acid, and afterwards as 
creatine,'—till Liebig, in 1847, showed that it was a mixture of creatine 
and cratinine together, — which cratinine he had just before discovered 
and investigated, having obtained it by decomposing creatine with con¬ 
centrated acids. 

Sources. — 1 . In human urine to the amount of 0*5 per cent. (Petten¬ 
kofer), and, according to Heintz, likewise in the urine of Horses and other 
mammalia. Socoloff has likewise found it in the urine of horses and of 
calves. — 2. In muscular flesh. As it occurs in the mother-liquor of the 
creatine prepared from flesh, and as dilute acids do not convert creatine 
into cratinine, we cannot suppose that this cratinine of muscular flesh is 
formed by heating the decoction of the flesh. (Liebig.) — 3. In blood. 
(Verdeil t Marcet; see p. 250.) 

Formation . From creatine, by the action of the stronger mineral 
acids. 

Preparation — 1. From human urine. — a. Fresh human urine is 
neutralized with carbonate of soda, and evaporated below 100° to a 
syrup (till the salts crystallize out, according to Liebig); this syrup 
exhausted with alcohol; the filtrate mixed with a concentrated solution, 
— (alcoholic, according to Heintz), of chloride of zinc, which at first 
throws down a brown amorphous precipitate containing zinc (phosphate 
of zinc, according to Heintz), then after several hours, crystalline grains; 
the whole of the precipitate, after standing for some time collected 
on a filter, (Heintz washes it with w r eak alcohol;) boiled with water, 
which leaves the amorphous precipitate undissolved; and the filtrate 
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evaporated, — whereupon it yields yellow crystals, which maybe freed 
from adhering salts by repeated boiling with strong alcohol. (Petten- 
kofer.)— b. Fresli human urine is neutralized with milk of lime; chloride 
of calcium added as long as a precipitate of phosphate of lime con¬ 
tinues to form; the filtrate evaporated till the salts crystallize out; 32 pts. 
of the mother-liquor mixed with 1 pt. of chloride of zinc dissolved in 
the smallest possible quantity of water; the mixture set aside for four 
days; and the zinc-compound which separates in nodules washed with 
cold water. (Liebig.) — c. Putrid human urine is boiled with excess of 
milk of lime till it no longer gives off ammonia; the filtrate evaporated 
to a syrup; and mixed as above with chloride of zinc; and the crystals 
which form after long standing, washed. (Liebig.) 

To purify the crystals, it is not good to use bone-charcoal, which 
occasions great loss; but, they must he dissolved in hot water; the solu¬ 
tion mixed with ammonia till a precipitate begins to form; the pre¬ 
cipitation completed by means of hydrosulphatc of ammonia; the filtrate 
highly concentrated and mixed with absolute alcohol; thq nearly white 
crystals of creatine and cratinine which are obtained by cooling the solution 
to alow temperature* dissolved in the smallest possible quantity of boiling 
water; the solution mixed with alcoholic chloride of zinc and alcohol; 
and the precipitate which forms on setting the liquid aside in a cold 
place, washed with alcohol. The above-mentioned mother-liquor of 
creatine, which likewise contains sal-ammoniac, also yields with alcoholic 
chloride of zinc, a precipitate, which, when purified by crystalliza¬ 
tion from boiling water, yields the zinc-compound in white crystals. 
(Heintz.) 

The zinc-compound is further treated in the manner described on 
page 251, 252; the cratinine is then found in the mother-liquor of the 
creatine. 

IT- 2* From Horse-urine. — The urine, which has an alkaline reaction, 
is neutralized with hydrochloric acid, evaporated to a small bulk, and 
then mixed with an additional quantify of hydrochloric acid; the liquid 
separated from the precipitated hippuric acid, neutralized with milk of 
lime, and evaporated nearly to dryness over the water-bath; the residue 
repeatedly boiled out with alcohol; and the alcoholic solution mixed 
with a small quantity of chloride of zinc: it then gradually deposits a 
brownish yellow precipitate of chloride of zinc and cratinine, from which 
creatine and cratinine may he obtained as above. (Socoloff, Ann. Fliann . 
78, 243.) 

3. From Calves' urine. — The fresli urine evaporated to a small hulk 
oyer the water-bath, and filtered while hot from the amorphous preci¬ 
pitate thereby formed, yields, after a few clays, a crystalline mass con¬ 
sisting of allantoin, together with a large quantity of phosphate of soda 
and ammonia; and on washing this crystalline mass with cold water, 
and recrystallizing the residue, crystals of pure allantoin are obtained. 
The mother-liquor filtered from the allantoin is mixed with alcohol, 
which throws down sulphates, mucous matter, the greater part of the 
phosphates^ and a large quantity of colouring matter; and the filtrate 
which is still considerably coloured, is freed from the remainder of the 
phosphoric acid by means of chloride of calcium, and lastly mixed with a 
concentrated solution of chloride of zinc: it then yields a precipitate of 
chloride of zinc and cratinine, which continues to increase for several 
days. (Socoloff.) 
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4. From Blood. — A considerable quantity of fresh ox-blood (10 
litres) is freed from fibrin and blood-corpuscles by stirring, and from 
albumin by beat, then filtered through linen, and evaporated over the 
water-bath with addition of a little powdered gypsum, which removes an 
albuminous substance not coagulable by heat, as well as some additional 
blood-corpuscles, and precipitates the saponifiable fats. The liquid is 
then evaporated to i of its bulk, again filtered, and the colourless filtrate 
evaporated to dryness at a very gentle heat, whereupon nearly all the 
chloride of sodium crystallizes out. On treating the residue with small 
quantities of absolute alcohol till nothing more is dissolved, and expelling 
the greater part of the alcohol by heat, the solution yields on cooling, 
Boudet’s Serolin (Ann. Ghim. Fhys. 52, 337), the quantity of which 
increases on addition of a small quantity of water.— The liquid filtered 
from the serolin, yields, on addition of a small quantity of solution of 
chloride of zinc, sometimes immediately, sometimes after a few hours, a 
partly crystalline, partly amorphous precipitate, which is but partially 
soluble in boiling water. The insoluble portion is resinous, and appears 
to be a compound of chloride of zinc with a peculiar organic substance: 
the soluble portion consists of chloride of zinc and cratinine. The quan¬ 
tity thus obtained is however but small. (Verdeil &> Marcet, N. J. Pharm. 
20, 89.) «[. 

5. From Muscular Flesh. — The mother-liquor of creatine (p. 251) is 
treated with alcohol to precipitate the inosinate of potash or baryta; the 
filtrate evaporated over the water-bath; the residue boiled out with 
alcohol, which takes up all the cratinine, together with a little creatine, 
and leaves a residue consisting chiefly of chloride of potassium and lactate 
of potash; the filtrate mixed with chloride of zinc; and the crystals of 
chloride of zinc and cratinine, which form after a while, decomposed as 
above with hydrated oxide of lead. (Liebig.) 

6. From Creatine. — a. Hydrochloric acid gas is passed to saturation 
over creatine heated to 100° in a Liebig’s drying apparatus, then dry air as 
long as water continues to escape ;—or the solution of creatine in strong 
hydrochloric acid is evaporated to dryness in the water-bath. — The 
hydrochlorate of cratinine obtained by either of these methods is then 
dissolved in 24 pts. of water; the solution kept at the boiling heat in 
a basin; perfectly pure hydrated oxide of lead macerated in water 
added to it by small portions till it becomes neutral or slightly alkaline, 
and then three times as much of the lrydrated oxide of lead, until the 
liquid becomes pasty from formation of quadribasic hydrochlorate of 
lead-oxide. The liquid is then filtered and the precipitate well washed; 
the filtrate treated with a small quantity of blood-charcoal to remove any 
lead that may still remain dissolved; the liquid again filtered; and the 
filtrate evaporated and cooled to the crystallizing point. (Liebig.) — 
h. The solution of 1 pt. creatine in 1 pt. oil of vitriol and 3 p>ts. water is 
evaporated till all moisture is removed; the remaining sulphate of 
cratinine boiled witli water and very pure carbonate of baryta, till it 
becomes alkaline; and the solution filtered and left to crystallize. 
(Liebig.) 

PropeHies. Colourless oblique rhombic prisms belonging to the 
oblique prismatic system; Fig. 91. with ^-face; i : t = 110° 30' (110° 3', 
according to Heintz); u : vJ = 81° 40 f ; u : i = 130° 50 f . (Kopp.j —The 
same form therefore as that of creatine, excepting that in cratinine the 
VOL. x. s 
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inclination of tlie clinodiagonals to the orthodiagonal is twice as great 
as in creatine, inasmuch as in creatine, u : u = 46° 58'. (Heintz.) — 
Cratinine in the state of concentrated solution has a caustic taste, like 
that of dilute ammonia* It blues reddened litmus, and reddens turmeric 
(Liebig.) 

Liebig. 

H'mmmmmmmmmmmm— .. ir 

from urine from flesh, from creatine. 


8 C . 48 . 42*48 .... 42*64 . 41*70 . . 42-54 

3 N. 42 .. 37*17 37*41 . .... 37*20 

7 H . 7 .... 6*19 .... 6*23 . 6*23 . . 6*38 

2 0 ... . 16 . . 14*16 . 13*72 . . . 13*88 


C 8 N 3 H 7 0" .... 113 . 100*00 . 100*00 . . 100*00 


Decompositions. Cratinine, under certain circumstances, takes up 2 At. 
water, and is reconverted into creatine. The dilute solution of hydrochlo¬ 
rate or sulphate of cratinine slightly supersaturated with dilute ammonia 
and evaporated, yields a few crystals of creatine (Heintz; see also Chloride 
of Zinc and Cratinine ) — Cratinine is decomposed by mercuric oxide in the 
same manner as creatine (p. 253), yielding methyluramine. (Dessaignes.) 

Combinations. Cratinine dissolves in 11*5 pts. of water at 16°, and 
much more abundantly in hot water. (Liebig.) 

Sulphate of Cratinine. — An aqueous solution of cratinine saturated 
at a boiling heat and mixed with dilute sulphuric acid till it acquires a 
strong acid reaction, leaves on evaporation a white mass, whose solution 
in hot alcohol becomes turbid on cooling, then becomes clear and deposits 
transparent, colourless, quadratic tables which remain transparent at 100°. 
(Liebig.) 


Crystals. 

8 C . 

.. 48 . 

.. 29*63 .... 

Liebig. 

29*33 

3 N. 

42 

25*93 . 

. 25*44 

8 H. 

8 . 

4*94 

503 

3 O. 

... 24 . 

... 14*81 . 

„ 15*56 

SO 3 . 

.. 40 

24*69 ... 

, 24*64 

C 8 N 3 H7 O 2 , HO, SO 3 . 

... 162 . 

.. 100 00 . .. 

. 100*00 


Hydrochlorate of Cratinine. — Preparation (Lx. 257, G). Crystallizes from 
solution in boiling alcohol, in transparent colourless prisms, and by evapo¬ 
ration of the aqueous solution, in transparent laminae which redden litmus. 
Dissolves very readily in water. (Liebig.) 


Crystals.. Liebig. 

8 C. 48*0 . 32*13 . 32 48 

3 N. 42*0 .... 28*11 . 28*27 

8 H. 8*0 .... 5*35 . 5*30 

2 O . 16*0 . 10*71 .. 10*54 

Cl. 35*4 .. 23*70 . 23 41 


C S N 3 HW,HC1 . 149*4 100*00 . 100*00 


Chloride of Zinc and Cratinine. — Preparation. 1 . (p. 256). — 2. By 
mixing cratinine and chloride of zinc, in the state of concentrated aqueous 
solutions. Both processes yield, with greater rapidity as the mixture is 
more concentrated, delicate needles united in nodules, or oblique rhombic 
prisms (Pettenkofer) belonging to the oblique prismatic system, with 
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terminal faces inclined 82° 30' to the principal axis. (K. Schmidt, Ann . 
Pharm. 61, 332.) The crystals give off only a trace of hygroscopic 
water at 120 °. When the cratinine is separated from this compound by 
means of hydrated oxide of lead or hydrosulphate of ammonia (p. 251), 
more than ± of it is found to be converted into creatine, and in larger 
proportion, apparently, as the solution of the zinc-compound used was 
more dilute. If therefore, after the creatine has been separated from the 
resulting liquid by evaporation and cooling, with addition of alcohol, the 
mother-liquor containing the rest of the cratinine be repeatedly pre¬ 
cipitated with chloride of zinc, and the precipitate decomposed, &c. — 
nearly all the cratinine may be converted into creatine. (Heintz.) — 
Chloride of zinc and cratinine dissolves sparingly in alcohol, but is 
insoluble in strong alcohol and ether. (Pettenkofer.) 


Heintz. 


Crystals. 

8 C... 

... 48*0 

. . 26*58 . 

from urine . 
. 26*29 

from flesh. 

3 N . 

... 42*0 

.. . 23*25 . 

. 23*54 


7 H . 

. 7*0 

. .. 3*88 . 

. 3*96 


2 O . 

... 16*0 

.... 8*86 . 

. 9*31 


Zn . 

32 2 

.... 17*83 . 

. 17*74 .. 

.. 17*87 

Cl . 

. 35*4 

. 19*60 

. . 19*16 .. 

.. 19*18 

C 8 N 3 H”0 2 ,ZnCl . . 

180 6 

. 100-00 . 

. 100*00 



With Cupric salts , cratinine forms crystallisable double salts of a fine 
blue colour. (Liebig.)' 

When mixed iu aqueous solution with Corrosive sublimate , it imme¬ 
diately forms a white curdy precipitate, which changes in a few minutes 
to a mass of delicate colourless needles. (Liebig.) 

With concentrated Silver solution it coagulates immediately into a 
mass of delicate white needles, which dissolve readily in hot water, and 
crystallize out again unchanged on cooling. (Liebig.) 

The clear mixture of dilute hydrochlorate of cratinine and Bichloride 
of Platinum (or of hydrochloric acid, creatine, and bichloride of platinum), 
yields, by slow evaporation, transparent, aurora-red prisms, and by 
quicker evaporation, granules which dissolve readily in water, less 
quicklv in alcohol, and contain 30*53 p. c. platinum, whence they pro¬ 
bably consist of C 8 N 3 H'0 2 ,HGl-fPtCl 2 . (Liebig.) 

Cratinine dissolves in 102 pts. of absolute alcohol at 16°, and more 
abundantly in hot alcohol, from which it crystallizes out on cooling, 
(Liebig.) 


7 . Nitrogen-nucleus . C 8 N ;s Ad*H J! O i . 

Allantoin. 

C 8 N 4 H 6 0 8 = C 8 N 2 Ad J H 2 0 4 ,0 3 . 

Vauquelin & Buniva. Ann. Chim . 33, 269; also Scker, J. 6 , 211 . 
C. G. Gmelin. Gilb 64, 350. 

Lassaigne. Ann. Chim. Phys. 17, 301; also J. Phys. 92, 406. 
Liebig. Pogg. 21, 34. 

s 2 
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Liebig & Wohler. Ann. Fharm. 26, 244; also Fogg. 41, 561. 
Peloijze. W Ann. Chim. P/iys. 6, 70; also jItwi. Fhavm . 48, 107; 

J. pr. GV*m. 28, 18. 

Schlieper. Fharm. 67, 216. 

Wohler. Fharm. 70, 229. 

Limpriciit. Fharm. 88, 94. 

Amnio tic acid, Allantoic acid, Amniossdure, Atlanta hisanre, Allcmtoine, Acicle 

amniotique , J.cz£?e allantoique -Found by Vauquelin & Buniva in 1800 

(probably mixed with allantoic liquid) in the amniotic liquid of the cow; 
wherein, however, neither Dzondi (N. Gekl. 2, 52) nor Prout (Ann. 
Phil. 5, 416) was able to find it again; afterwards Lassaigne showed 
that it is contained, not in the amniotic but in the allantoic liquid. It 
was also artificially prepared and accurately investigated by Liebig & 
Wohler. 


Sources. In the allantoic liquid of the cow (Lassaigne), and in the 
urine of calves. (Wohler.) 

Formation . In the decomposition of uric acid by heating with 
peroxide of lead and water (Liebig & Wohler), or with ferricyanide of 
potassium and potash-ley. (Schlieper.) 

Preparation. 1. The allantoic liquid (mixed with amniotic liquid) 
is evaporated down to i, and cooled to the crystallizing point. (Vauqnelin 
<fc Buniva.) The allantoin is likewise deposited when the liquid is left 
to stand for some time, and must be purified by solution in hot water, 
filtering, and recrystallizing. (C. Gr. Ganelin.) 

2 . The urinary bladder of a calf is tied at the lower part previous to 
slaughtering; the urine obtained from it evaporated below 3 00° to a 
syrnp; and set aside for several days in the cold to crystallize; the liquid 
then diluted with water; the gelatinous precipitate, consisting chiefly of 
urate of magnesia, separated by elutriation from the crystals of allantoin 
and phosphate of magnesia; the crystals washed with a little cold water, 
and boiled with water and a small quantity of good blood-charcoal; the 
liquid filtered at the boiling heat from the greater part of the phosphate 
of magnesia; the filtrate mixed with a few drops of hydrochloric acid, 
so that the phosphate of magnesia contained in it may remain dissolved; 
and colourless allantoin obtained from it by cooling (Wohler): — 
For another mode of preparation from calved urine, vid. Socoloff (}>. 256). 

3. Uric acid is pulverized, and suspended in a small quantity of 
water, the liquid heated nearly to the boiling point; finely pulverized 
peroxide of lead added to it by small portions and with frequent stirring, 
till the last portions added no longer turn white; the liquid filtered hot; 
and crystalline allantoin obtained from it by cooling, and also by further 
evaporation and cooling of the mother-liquor, while the more soluble 
urea, which is likewise present, remains in the last mother-liquor: the 
allantoin must be freed from it by recrystallization from water. (Liebig, 
Wohler.) 

^ 4. The same process is followed as in the preparation of lantanuric 
acid (ix. 445, the first 17 lines), and the crystals of allantoin, which are 
contaminated with red flakes, purified by solution in cold potash-ley, 
filtering, quickly supersaturating with acetic acid, and recrystalliziug 
the precipitated allantoin from hot water. (Schlieper.) 
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Properties . Transparent, colourless needles, having a pearly lustre 
(Vauquelin & Buniva), and four-sided prisms- Prisms whose primitive 
form is a rhombohedron. (Liebig & Wohler.) — Crystals belonging to 
the doubly oblique prismatic- system (Fig, 124); v : ic=56° 42'; v : y= 
95° 15'; u:y=9 1°40'; the y-faces have the strongest lustre. (DelfFs, 
Jahrb. pralct. Pharm. 8 , 378.)— Single oblique prismatic system; Fig. 93 , 
with 2 -face between u and u'j v : u backwards = 88 ° 14'; f : u backwards 
= 96° 17'; cleavage easy parallel to f. (Dauber, Ann. Pharm. 71, 68.) 
The crystals obtained by ( 2 ) are thinner and united in tufts, in conse¬ 
quence of the admixture of a trace of foreign matter; from this they are 
freed by combination with oxide of silver, separation therefrom by hydro¬ 
chloric acid, and then crystallized in the ordinary way. (Wohler.) 

Tasteless (Lassaigne), and neutral to litmus. (Liebig & Wohler.) 
Tastes slightly acid and reddens litmus slightly. (Vauquelin & Buniva.) Permanent 
in the air (Vauquelin); anhydrous (Liebig). 

Lieb.&Wdhl. Schliep. Stadeler. Lassaigne. 





(3) 

a) 

(2) 

a) 

8 C. 

. 48 .. 

.. 30*38 . 

.... 30*50 .. 

.. 30*02 .. 

.. 30*15 .. 

.. 28*15 

4 N. 

. 56 .. 

. 35-44 ... 

.... 35*34 .. 

.. 35-17 . 

.. 35*25 .. 

.. 25*24 

G H 

. 6 . 

.. 3*80 .... 

.... 4*04 .. 

. 4-04 . 

.. 3*81 

.. 14*50 

6 0 ... 

. 48 

30*38 

.. 30*12 .. 

.. 30-77 

30*79 . 

. 32*11 

C s N 4 H 6 0 6 

158 .. 

. 100*00 ... 

100*00 .. 

.. 100*00 . 

. 100*00 .. 

. 100*00 


The bracketed numbers refer to the mode of preparation. 


Decompositions. — Allantoin yields by dry distillation, carbonate and 
hydrocyanate of ammonia, a small quantity of empyreumatic oil, and 
a very porous charcoal. (Lassaigne.) — 2 . Over the open fire it swells 
up, blackens, gives off the odour of ammonia and hydrocyanic acid, and 
leaves a tumefied charcoal. (Vauquelin & Buniva.) 

3. Heated with oil of vitriol, it yields sulphate of ammonia and a 
mixture of carbonic acid and carbonic oxide gases. (Liebig & Wohler.) 

C 8 N 4 H G 0 G + GHQ = 4NR 3 -f 4C0 2 + 4CO. 

4 . Allantoin gently heated with nitric acid of sp. gr. 1*2 to 1*4, does 
not give oft' any gas, but yields crystalline nitrate of urea on cooling; on 
evaporating the solution to dryness, nitrate of urea and allanturic acid 
(ix. 447) remain (Pelouze): 

C 8 N 4 H G 0 5 + 2HO = C-N-II 4 0 2 + C c N 2 H 4 0 G (Geihardt). 


Pelouze gives the equation: 

1|(C S N 4 H G 0°) + 2HO = C 2 N 2 H 4 0 2 + C 30 N 2 H“O 9 

allanturic acid. 

5 . Allantoin is likewise resolved into urea and allanturic acid by heat¬ 
ing with hydrochloric and other aqueous acids. The same decomposition 
also takes place when allantoin is heated with water in a sealed glass 
tube to 110° —140°, excepting that in this case the urea is further 
resolved into ammonia and carbonic acid. (Pelouze.) — 6 . Allantoin is 
also resolved into allanturic acid and urea by the action of peroxide of 
lead and water at ordinary temperatures, (Pelouze.) [According to what 
equation ?] 
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7. The solution of allantoin in cold potash-ley, deposits all the 
allantoin if immediately mixed with acids; but in the course of 24 to 48 
hours, it changes spontaneously into hydantoate of potash, and is then 
no longer precipitated by acids, gives off but little ammouia when boiled, 
and does not at the same time form any oxalic acid; by the further 
action of potash, the hydantoate of potash is resolved into lantanurate 
of potash (ix. 445) and urea (Schlieper): 

First: C s N 4 R 6 0 6 + 2HO = C s N 4 H 8 0 8 ; 

hydantoic acid 

then: C s N 4 H 8 0 8 = CTNPIW + C ! N 2 H 4 0- (Schlieper.) 

I ^- 

lantanunc acid. 

8 . Allantoin boiled with aqueous potash or baryta is completely 
resolved into ammonia and oxalic acid (Liebig & Wohler): 

C 8 N 4 H G 0 6 + 10HO = 4NH 3 + 2C 4 H 8 0 8 . 

H. 9. A solution of allantoin mixed with yeast and exposed to a 
temperature of 80°, becomes on the fourth day strongly ammoniacal, and 
no longer contains allantoin, but urea and the ammonia-salts of oxalic 
acid, carbonic acid, and an acid which may be obtained in the form of 
a sour syrup. (Wohler, Ann . Pharm. 88, 100.) I f. 

Combinations . Allantoin dissolves in 400 pts. of cold water (Las- 
saigne); in 160 pts. of water at 20° (Liebig and Wohler); in 30 pts. of 
boiling water, and crystallizes on cooling. 

According to Liebig & Wohler, allantoin does not combine with any 
base excepting oxide of silver. C. Ginelin and Liebig & Wohler were 
not able to obtain the allantoates described by Lassaigne. From solution 
in hot dilute alkalis, the allantoin crystallizes in the free state. — IT. The 
following compounds have however been obtained by Limpricht. 

Zinc-compound. — 2Zn0,C 8 N 4 H 5 0 5 = ZnO,C 8 N 4 H 5 ZnO G . — When al¬ 
lantoin is boiled with zinc-oxide and the liquid filtered, the filtrate yields 
crystals of allantoin, and there remains a syrupy mother-liquor, which, 
when mixed with absolute alcohol, yields a precipitate containing, after 
drying at 100°, 36*5 per cent, of zinc-oxide : the above formula requires 
35 p. c. (Limpricht.) 

Cadmium-compound. — CdO,C 8 N 4 H 5 O s = C 8 N 4 H 6 CdO°. Syrupy mass, 
which, on addition of alcohol, solidifies to a white crystalline powder. 
The powder thus precipitated does not redissolve completely in water, 
but leaves a compound richer in cadmium. - The crystalline powder yields 
by analysis, 28*04 p. c. CdO, the above formula requiring 30 per cent. 
(Limpricht.) 

Lead-compound. — 3Pb0,2C 8 N 4 H 5 0 5 — First observed by Lassaigne. — A 
Solution of lead-oxide in allantoin deposits the compound by evapora¬ 
tion in crusts, which yield by analysis 52 5 and 52*8 p. c. lead-oxide; 
the formula requires 52*9. Acids poured upon the compound produce a 
slight effervescence; the carbonic acid of the air seems also to exert a 
decomposing action upon it. (Limpricht.) 
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Copper-compound. — Ca0,3C 8 N 4 H 5 0 5 . — Hydrated cupric oxide dis¬ 
solves at the boiling heat in a solution of allantoin, forming a blue liquid, 
which deposits green crystals by evaporation. These give in two 
analyses 7*23 and 7’36 p. c. CaO, while the formula requires 8 2 p. c. 

Mercury-compounds. — When an aqueous solution of allantoin is 
boiled with excess of mercuric oxide, a certain quantity of the oxide 
dissolves, and two compounds are formed. 

a. 5Hg0,3C 8 N 4 H 5 0 6 . — This compound separates from the liquid 
filtered at a boiling heat, and left to stand for several hours. It is a 
white amorphous powder, which melts and intumesces when heated. It 
is insoluble in cold water and in alcohol, but dissolves sparingly in hot 
water, readily in hydrochloric, nitric, and sulphuric acid. (Limpricht.) 


Dried at 100°. Limpricht (mean): 

24 C. 144 .... 14*59 . 14*27 

12 N . 168 .... 17*02 

15 H . 15 .... 1*52 . 1*56 

15 O . 120 .... 12*16 

5 TIgO . 540 54*71 . 54*83 


5HgOj3C 8 N 4 H b O' 3 987 100*00 


b . 3HgO,5C 8 N 4 H 5 0 5 .— The mother-liquor of a filtered and evapo¬ 
rated at 100° to a small bulk, deposits this compound, after 24 hours, in 
the form of a mass, having the consistence of turpentine, and drying up 
over sulphuric acid to a brittle, glassy solid, which blackens at 100°. 
(Limpricht.) 


Dried at 60°. 

40 C . 

. 240 . 

. 22*45 . 

Limpricht. 
. 21*23 

20 N. 

. 280 

. 26*19 


25 H . 

. 25 .. 

.. 2*34 .. 

2*74 

25 O. 

. 200 .. 

.. 18*71 


3 HgO . 

324 .. 

.. 30*31 . 

. 29*06 


3Hg0,5C s N 4 H 5 0 5 . 1069 .. . 100*00 


The mother-liquor of a left to evaporate spontaneously, deposits crystalline crusts 
of variable composition. (Limpricht.) 

c. 4HgO,3C 8 N 4 H 5 0 5 . — When water is poured upon the compound &, 
it swells up and is converted into a white pulverulent mass, which 
blackens when heated a little above 100°. (Limpricht.) 


Dried at 100°. 



Limpricht. 


24 C. 

144 . 

16*33 . 

.. . 16*12 


12 N. 

. 168 .... 

19*11 



15 H. 

13 . . 

1*71 .. 

. 1*75 


15 O . 

. 120 .... 

13*66 



4 HgO . 

. 432 . 

49*14 .. 

. . 48*66 .... 

49*6 


4HgO,3C 8 N 4 H 5 0 5 ... . 879 .... 100*00 


d. 5Hg0,2C 8 N 4 H 5 0 5 .—An aqueous solution of allantoin is not pre¬ 
cipitated by corrosive sublimate; but mercuric nitrate, even when very 
dilute, forms with it a bulky non-crystalline precipitate exhibiting this 
composition. (Limpricht,) 
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I.impriolit. 

11-45 . 11-1-1 to 11-35 

13-37 

V19 . 1-03 1-01 

0 31 

61-41 .. , 03-97 65-07 


5HgO,2C 8 N 4 H 5 0 5 . . .. 838 ... 100 00 

Allantoin behaves, in fact, with corrosive sublimate and mercuric 
nitrate, in tlie same manner as urea. (Limpricbt.) IT. 


Dried ai 100°. 


1GC . 06 .... 

8 N . 112 .... 

10 H . 10 

10 O . 80 

5 IJgO. 340 .. . 


Silver-compound. — A hot aqueous solution of allantoin mixed with 
nitrate of silver, and then with ammonia as long as any precipitate is 
formed, yields a wbite micaceous powder, which, when examined by the 
microscope, appears to consist of globules.^ It is decomposed by all acids 
with, separation of allantoin. (Liebig & W ohler.) 


8 C . 

. 48 . 

.. 18*12 

Liebig & Wohler. 
. 18*18 

4 N . 

. 56 .. 

.. 21*13 

. 21-04 

5 H . 

. 5 .. 

.. 1*88 

... . 1*94 

Ag . 

. 108 .. 

.. 40*75 

. 40*44 . 

6 0. 

. 48 

. 18*12 

.... 18*40 


C s N 4 H 5 AgO G . 265 . . 100*00 . 100*00 


Allantoin dissolves in alcohol more readily than in water. (Vauquelin 
& Buniva.) 


Hydantoic Acid. 

C 8 N 2 H 8 0 8 ? 


Sciiliefer. (1848.) xin/i. Pharm. 67, 23 2. 

Formation (p. 262).— Freparation, A solution of allantoin in strong 
potash-ley is set aside for two days, {then supersaturated with acetic acid 
and diluted: liydantoato of lead precipitated from it by addition of neutral 
acetate of lead; the precipitate washed, suspended in water, and decom¬ 
posed by sulphuretted hydrogen; and the strongly acid filtrate evapo¬ 
rated in the water-bath. During the evaporation, a certain amount of 
decomposition appears to take place. 

Properties. Thick, uncrystallizable, very acid syrup, which, when 
moistened with alcohol, is converted into a very friable mass. 

JDecomiiositions . The acid treated with cold potash-ley, evolves 
ammonia, probably because it has been already partially decomposed by 
evaporation, and yields white flakes when evaporated with it. It does 
not form oxalic acid by bedbug with potash-ley. 

(‘ombuwthms. The acid deliquesces in the air. 

When neutralized with aqueous ammonia , it gives off ammonia on 
evaporation, and again becomes acid. 
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The is obtained by supers iturating the above-mentioned 

solution of allantoin in potash with acetic acid after two days, and then 
precipitating with alcohol, in the form of an oily liquid which refracts 
light strongly. 

The acid mixes without efFervescenco with carbonate of soda; the 
liquid, when heated, deposits yellowish white flakes. 

The acid does not become turbid when mixed with baryta or lime- 
water; hut, on the addition of alcohol, white hakes are deposited, which 
redissolve in water. 

The lead-salt ( vid.siq n) is deposited, after a while, on the sides of the 
vessel as a thick white precipitate, and afterwards fills the entire mixture 
with thick white flakes, which, after washing, dry up to a white powder, 
readily soluble in nitric, but very sparingly soluble in acetic acid, even 
when hot. 

Schlieper (at 100°.) 


rou. 

8 C . 

. 48 . 

.. iU'lD . . 

. 17*20 ... 

.... otruy 
.. . 16*75 

4 N . 

. 56 . 

. 20*07 ... 

. 19*04 

7 H. 

. 7 

. 2*51 

.... 2*90 

70 . 

. 56 . 

20*07 ... 

.... 22*22 

C s N 4 H 7 PbO s . .. 

. 279 . 

.. 100*00 

. ... 100*00 


[The salt probably contains 1 At. more water at 100°,] 

Silver-salt — The oily potash-salt dissolved in water, forms with 
nitrate of silver a thick white precipitate, which turns black when 
boiled. The free acid forms, with nitrate of silver, a white precipitate, 
which dissolves partially when heated. This precipitate contains 13*12 
p. c. (5 At.) nitrogen to 45*31 p. c. (2 At.), silver-oxide, a proof that 
the acid has been to some extent decomposed by evaporation. 

The acid is insoluble in alcohol. (Schlieper.) 


Primary-nucleus. C 8 H 12 . 

Oxygen-nucleus. C 8 H E 0 5 . 

Tartaric Acid, 

C 8 H 6 0 12 = C 8 H c 0 6 ,0 G . 

Retzius & Scheele. AJbli. dev Schwed . Akad der Wiss. 1770, p. 207; 
also Orell. Ghem. J. 2 , 179. 

Matth. A. Paecken (properly Klaproth). Piss, de sale essentiali tartari 
Gotl . 1779. 

Richter. Pfeuere Gegenst 6 , 39. 

Thenard. Ann. Ghim. 38; 30; also Seller. J. 8, 630. 

Osann. Kasin. Arch. 3, 204 & 369; 5. 107. 

Berzelius. Ann. Ghirn. 94, 177. — Pogg. 19, 305; 36, 4.— Ann. 

Ghim. Phys. 67, 303; also J. pr. Ghem. 14, 350. 

Dulk. Schw. 64, 180, & 193; absti\ Ann. Pharm. 2 , 39. 

Dumas & Piria. Ann. Chim . Phys . 5, 353; also Ann. Pharm . 44, 66; 
also J. pr. Ghem, 27, 321. 
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PRIMARY NUCLEUS C 8 ^: OXYGEN-NUCLEUS COTO*. 


Werther. J. pr. Chem. 32, 3 85. 

Laurent & Gerhardt. Compt. chim. 1849, 1 & 97; also Ann . Pharm . 
70, 348; also J. pr. Chem. 46, 300. 


Tartersdure, Tartrylsdure, Weinsdure, Weinsteinsdure , wesemtlieh.es Wein - 
steinsalz, Sal essentiale tartari, Acide tartarique. — Tartaric acid was first 
obtained in tbe separate state by Scheele in 1770 , but its existence in 
tartar bad been previously assumed by Duhamel, Marggraf, and Rouelle 
tbe younger. 

Sources. Partly free, partly combined with bases: in tamarinds 
(Retzius), in tbe unripe berries of the mountain-ash; tbe berries of Rhus 
typhinum and glabrwm , in tbe wood of Quassia amara , tbe bark of 
Quassia Simaraba, tbe root of Nymphcea alba , tbe herb of Chelidonium 
majus , tbe root of Rubia tinctorum , in potatoes, cucumbers, tbe root of 
Leontodum taraxacum , tbe corms of HeliantJms tuberosns, camomile 
flowers (Bindlieim), in tbe herb of Rumex acetosa , in mulberries, pine¬ 
apples, tbe leaves of Agave mexicana (Hoffman), and in senna-leaves 
(Gassedmann); in black pepper, tbe bulb of Scilla maritima , tbe root of 
Triticum repens , Iceland moss, and Lycopodium complanatum. Dessaignes 
(N. J. Pharm. 25, 24), found this acid in considerable quantity in the 
decoction of pelargoniums; also, together with malic acid, in the berries 
of Malionia aquifolia; tbe residue obtained by evaporating tbe juice of 
tbe vine-stock, he found to consist chiefly of tartrate of lime. 

Formation . 1 . In tbe preparation of potassium, (iii. 5), tbe metal 

which sublimes is accompanied by a carbonaceous mass, whose aqueous 
solution contains tartrate of potash, together with croconate and oxalate. 
(Liebig.) [The author did not succeed in the preparation of the tartrate from this 
mass.] — 2 . When lemon-juice is kept for a year in bottles, tbe greater 
part of tbe citric acid is converted into tartaric. (Schindler, Ann. 
Pharm. 31, 2SO.)— 3. When pyroxilin is dissolved in potash-ley, tar¬ 
taric acid, or a similar acid appears sometimes to be produced, (fcerck- 
boff & Reuter, J. pr. Chem . 40, 284.) 

Preparation. 1 . To 1 pt. of crude or purified tartar suspended in 
boiling water, 0*27 pt. or a somewhat larger quantity, of powdered 
chalk, marble, or oyster-shells is added, and tbe mixture boiled till tbe 
effervescence entirely ceases, and tbe liquid no longer reddens litmus. 
Or tartar suspended in boiling water is exactly neutralized with milk of 
lime. Tbe tartrate of lime, which settles to tiie bottom, is separated from 
tbe neutral tartrate, which remains in solution, by decanting tbe liquid 
and washing tbe deposit on linen. — a. Tbe tartrate of lime thus obtained, 
is decomposed by digestion for a day or two with oil of vitriol, amounting 
to 0*4 pt. of the dried tartrate of lime, or equal to the carbonate of lime 
used, and in any case not less than sufficient for the complete saturation 
of tbe lime, and with 12 times its weight of water. Tbe liquid is sepa¬ 
rated from tbe gypsum by filtration; evaporated to a thin syrup; sepa¬ 
rated from tbe precipitated gypsum by straining through linen; and 
then further concentrated, whereupon it yields crystals of tartaric acid, 
either by standing for some time in tbe cold, or by further evaporation. 
— If these operations have been performed in vessels of tin or copper, 
the metals thereby dissolved must be precipitated from tbe slightly con- 



TARTARIC ACID. 


267 


centrated acid liquid, which should still contain a little free sulphuric 
acid, by a small quantity of sulphide of calcium, and the evaporation 
finished in vessels of glass or porcelain. — If tbe quantity of sulphuric 
acid used is not sufficient for the complete decomposition of the tartrate 
of lime, the tartaric acid obtained is mixed with a certain quantity of 
acid tartrate of lime, which prevents the crystallization of the acid, but 
may easily he decomposed by a small additional quantity of sulphuric 
acid, which throws down the lime as sulphate. -— If the acid liquid con¬ 
tains free sulphuric acid, this acid remains in the mother-liquor, which 
may then be used for the decomposition of fresh portions of tartrate of 
lime. The sulphuric acid still adhering to tbe crystals, may be removed 
either by recrystallization, or by digestion with a small quantity of oxide 
of lead, the filtrate being subsequently treated with sulphuretted hydro¬ 
gen. — The brown colour of the liquid, which is particularly strong when 
crude tartar is used, is partially removed by digestion with charcoal 
powder: the greater portion of the colouring matter, however, remains 
in the mother-liquor. This liquid may” be decolorized by °f chlo¬ 
rate of potash. (Berzelius, Wittstein, Eepert . 57, 228.) — b. The solution 
of neutral tartrate of potash separated from the tartrate of lime, yields, 
when precipitated by hydrochlorate or acetate of Lme, or when decom¬ 
posed by half an hour’s boiling with sulphate of lime (Desfosses, J\ 
Pharm .. 15, 613), an equal quantity of tartrate of lime, which may be 
washed and treated as above. Compare Lowitz. Crell. Ann. 1799, 1, 99 ; Buc- 
holz, A. 7 r 7, 1,21; Grmdel, Sc/iw. 13, 3 *>5 ) 

2. One part of tartar is neutralised with carbonate of potash; the 
aqueous mixture boiled for an hour with 8 pts. of burnt lime; the 
decoction, which contains caustic potash free from lime, filtered while 
still hot; and the precipitated tartrate of lime washed, freed from excess 
of lime by means of hydrochloric or acetic acid, and treated as above. 
(Osann, Kastn . Arch. 5, 107.) 

3. Tartar is gradually added in excess to a boiling mixture of 1 pt. 
oil of vitriol and 3 pts. water; the excess of tartar (together with gyp¬ 
sum,) left to crystallize out by cooling; the remaining liquid evaporated 
to a small bulk, and the tartaric acid removed from it by cold alcohol, 
while bisulphate of potash remains. (Fabroni, Ann. Chim. Flips 25, 9.) 
— [The alcohol may produce tartrovinie acid, in which case continued boiling with 
water will be required to expel it.] 

Properties. Large, transparent, colourless prisms belonging to the 
oblique prismatic system. Fig. 109; no cleavage : i : u or ui =97° 10'; 
u :u' = 88°30'; z:«=128°15'; i : c — 134° 50'; z:m = 100° 47'; i :/; 
backwards = 122° 45'; one of the u -faces is often disproportionately 
large. (Brooks, Ann. Phil. 22, 118) — Fig. 109, together with trunca¬ 
tion-faces between a and i and between u and i; i : u = 97° 10'; i : a — 
128° 34'; i :f= 122° 30'; i : e = 135° O'; u :/= 121° 4'; u : e = 125° 15'; 
u : a = 129° 20'; a : a == 102° 51'; e :/= 102° 30'; cleaves easily parallel 
to i. (Prevostage, JF. Ann . Chim. Phys. 3, 129.) — They are oblique 
rhombic prisms, about = Fig. 86, with one other face ce, between i and 
m; but of the four A-faces, only the two on the right side are present, 
above and below, not those on the left, whereby the crystals are rendered 
unsymmetrical, a fact which is connected with their thermo-electric 
properties (and with their optical relations, according to Pasteur), i : m 
= 81°; i : x = 145° 15'; w:w=99°45'; z:A=136°, (Hankel, Fogg. 
49, 500; — compare also Haberle, Tasckerib. 1805, 160; Soret, Taschenb. 
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1823; 141 ; Bernliardi, lY. TV. 7, 2, 40; Peclet. .4/m. C%w». jP% 6\ 31, 78; 
Em. Wolff, </. pr. Chem. 28, 138; Rammelsbcrg, Fogg. 96, 23). —Sp. 
gr. 1*75. (Richter.) — The acid shines when rubbed in the .dark, like 
sugar. (Bouchardat, N. J. Fharm. 15, 440.) — Melts at 170° to a trans- 
pai’ent colourless liquid. Tastes strongly but pleasantly sour, and reddens 
litmus. Its concentrated solution yields, with quantities of ammonia 
and potash not sufficient to neutralize it, granular precipitates, and with 
excess of lime-water, white flakes soluble in excess of the acid and in 
sal-ammoniac. 



Crystallized. 

Front. 

Herrmann. 

Bobcreiner. 

Ure. 

Berthollet. 

8 C . 

.. 48 . 

. 32 . 

. 32 . 

... 32-50 

. 32*42 . 

. 31-12 

.. . 24*41 

6 H . 

6 

4 . 

.... 4 

.. 4-19 

. 2*94 . 

. 2*76 

.... 5*57 

12 0 . 

. 98 . 

... 84 

.. 84 

63-31 

. 64*64 ... 

. 65-82 

. 70*02 

C 8 H G 0 13 . 

... 130 

. 100 

.. 100 . 

.. 100*00 . 

.. 100*00 ... 

. 100-00 

.... 100*00 


The radical theory assumes a hypothetical anhydrous tartaric acid = 
C 4 H 2 0 5 ="Tr 


Decompositions . 1. Tartaric acid heated merely till it melts, which 

takes place at 170° to 180°, is converted, without perceptible loss, into 
metatartaric acid (Laurent & Gerhardt); when melted for a longer time, 
or at a stronger heat, it is converted chiefly into tartralic acid, then, with 
loss of 2 At. water, into tartrelic acid and tartaric anhydride. (Bra- 
connot, Fremy, Laurent & Gerkardt.) According to Weniselos (Ann. 
Pharm. 15, 133,) the acid begins to boil at 150°. 

2. When the acid is gradually heated to 220°, it swells up consi¬ 
derably, and is very apt to froth over; becomes continually browner; 
then loses its viscidity, so that it boils without tumefaction; continually 
gives off carbonic acid gas, loaded with vapours of acetic and pyrora- 
cemic acids; and yields a colourless watery distillate., which smells of 
acetic acid and empyreumatic oil, has a sharp sour taste, continually 
becomes more concentrated, and only towards tlie end acquires a yellowish 
colour, and contains a small quantity of empyreumatic oil, which causes 
it to become turbid when mixed with water. This distillate, when very 
slowly distilled over the water-bath, yields acetic, (no formic,) and then 
pyroracemic acid, together with a trace of wood-spirit, or something of 
that kind, and leaves a thick brown syrup containing crystals of pyro- 
tartaric acid. The residue left at 220° in the distillation of tartaric 
acid, is black, semifluid, hard after cooling, has the appearance of char¬ 
coal, and at a higher temperature, yields marsh-gas and empyreumatic 
oil, while a soft bulky charcoal remains. (Berzelius.) — The acid distilled 
between 170° and 190° yields large quantities of carbonic acid, water, 
and pyrotartaric acid, but very little olefiant gas, acetic acid, empyreu¬ 
matic oil, and charcoal; if the distillation takes place between 200 b and 
300°, the first three products diminish and the last three increase; and 
by distillation over the open fire, very little pyrotartaric acid is obtained, 
together with small quantities of water and carbonic acid, but on the 
other hand, highly concentrated acetic acid, and large quantities of 
olefiant gas, empyreumatic oil, and charcoal. (Pelouze, Ann Ghim . Flips. 
56, 297.) —100 pts. of tartaric acid yield, when distilled with various 
degrees of rapidity, 2S to 70 pts of watery distillate, (containing 
0*3 to 0*5 pyrotartaric acid,) 4*7 to 0*8 pts. empyreumatic oil, and 12*5 
pts. or a muebf smaller quantity, of charcoal. (Gruncr, A r . Tr. 24, 2, 57.) 
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By distilling with powdered pumice-stone, more acid is obtained and 
less empyreumatic oil. (Arppe.) — Tartaric acid subjected to dry distilla¬ 
tion with spongy platinum, yields pure carbonic acid gas, and a trans¬ 
parent, colourless, crystal!izable distillate. (Reiset <fc Millon, iV\ Ann. 
Chim . Phys. 8, 285.) — IF. The distillate obtained at 200° is colourless, 
and leaves, when evaporated, a scarcely perceptible residue of pyrotar¬ 
taric acid; the gas evolved at and below that temperature is carbonic 
acid, with but little carbonic oxide. At 220°, the fused tartaric acid 
becomes more viscid, and acquires a yellow-brown colour; the pale- 
yellow distillate contains but little pyrotartaric acid, and the evolved 
gas consists of carbonic acid with -§- to ^ carbonic oxide. At 220° the 
decomposition of the tartaric acid is still incomplete; at higher tempe¬ 
ratures, the distillate is more highly coloured, and the evolved carbonic 
acid is accompanied by increasing quantities of carbonic oxide (the pro¬ 
portion ultimately reaching the half); no hydrocarbons are formed. 
Small quantities of tartaric acid may be completely decomposed in the 
oil bath at 300°, leaving only a very small quantity of carbonaceous 
residue. When the acid is distilled over the open fire, the distillate 
consists chiefly of acetic and pyroracemic acids, together with aldehyde, 
acetone, and other substances, as in the distillation of sugar : on recti- 
fying this distillate, the portion which goes over between 10 >° and 120°, 
consists chiefly of acetic acid; that between 130° and 180°, of pyrora¬ 
cemic acid; and that between 180° and 190°, of pyroracemic and pyro¬ 
tartaric acids. From these results it appears, that anhydrous tartaric 
acid is resolved by strong and sudden heating into acetic acid, carbonic 
acid, and carbonic oxide : 

C 8 H 4 0 10 = C 4 H 4 0 4 + 2C0 2 + 2CO; 

but by slower and more gentle heating, into hydrated pyroracemic and 
carbonic acid: 

C s H 4 O w *sb C fl H 4 0« + 2C0 2 j 


the two processes may take place together. (Volckel. Ann. Pkarm . 89, 
57; see also ix. 418.) IF. 

3. Tartaric acid heated in the air, froths up, emits an odour of burnt 
sugar, takes fire, and leaves a soft charcoal. — 4. Tartaric acid mixed 
with spongy platinum and heated in a stream of oxygen gas, begins to 
form carbonic acid and water at 160°, and at 250°, is completely resolved 
into these two products. (Reiset Millon.) 

5. Chlorine scarcely exerts any decomposing action on the aqueous 
acid. (Liebig.) — 6. Hot nitric acid decomposes tartaric acid into acetic, 
oxalic, and saccharic acid. (Hermbstadt.) The nitric acid solution 
mixed with basic acetate of lead, and heated, deposits crystals of oxalo- 
nitrate ofl ead. (Johnston.) —^[. Finely pulverized tartaric acid dissolves 
quickly in 4| times its weight of mono-hydrated nitric acid; and on 
agitating the solution with an equal volume of sulphuric acid, it forms a 
crystalline pulp, which, after the sulphuric acid has been absorbed by 
continued pressure between porous plates, forms a loose, white, silky, mass, 
emitting white fumes in the air. This product consists of nitrotartaric 
acid . (Dessaignes, Compt. rend. 34, 731.) —7. Boiling aqueous iodic 

and periodic acids slowly decompose tartaric acid, with formation of tartaric 
acid and liberation of iodic. (Benckiser, Millon.) 

8. Tartaric acid gently heated with a three or fourfold quantity of oil 
of vitriol, till sulphurous acid is about to escape, is partly converted into 
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tartralic and tartrelic acids. (Fremy.)— When strongly heated with a 
small quantity of oil of vitriol, the acid yields carbonic oxide, carbonic 
acid, and sulphurous acid, and leaves a black mixture; but when sub¬ 
jected to a gradually increasing heat in contact with a large excess of 
fuming oil of vitriol, it yields at first, without any blackening, carbonic 
oxide and sulphurous acid gases (without any carbonic acid) in the ratio 
of 4 : 1, and ultimately carbonic oxide, carbonic acid, and sulphurous 
acid, in the proportion of 3 : 1 : 2 (Dumas & Piria): 

CSHW 2 + 2S0 3 = 6HO + 8C0 + 2S0 2 ; 

but at the temperature which is ultimately attained, 1 vol. of carbonic 
oxide out of the four is oxidised by the sulphuric acid to carbonic acid, 
and 1 vol. more of sulphurous produced thereby at the same time. 
(Dumas & Piria.) The evolution of carbonic oxide had been previously 
observed by Dobereiner. (Gilh. 72, 201.) 

9. A cold mixture of equal parts of tartaric acid and bichromate of 
potash and a small quantity of water, assumes a dark greenish brown 
colour; becomes gradually heated to the boiling point; gives off a large 
quantity of carbonic acid; and leaves a dark greenish brown, nearly black 
liquid containing formic acid. (Winekler, Repert. 46, 466; 65, 189.— 

10. Tartaric acid reduces vanadic acid to vanadic oxide. (Berzelius.) — 

11. Heated with peroxide of manganese and water, it becomes hotter, and 
gives off carbonic and formic acids with strong effervescence, while for- 
miate and tartrate of manganese remain in solution; on addition of 
sulphuric acid, the tartaric acid is completely decomposed, and all the 
formic acid expelled, with formation of sulphate of manganese. (Dobe¬ 
reiner, Gilh. 71, 107; also Schw . 35,113; Persoz.) — 12. Crystallized 
tartaric acid, to the amount of 150 pts. (1 At.) triturated with 480 pts. 
(4 At.) peroxide of lead at 16°, rises in a few seconds to a red heat, and 
burns away with a glimmering light, giving off carbonic acid gas with an 
odour of formic acid. (Walcker, Pogg. 5, 536.) — Bottger (/. pr . Chem. 
8, 477) prefers 5 pts. of well-dried tartaric acid and 16 pts. of the 
peroxide. — When 1 pt. of tartaric acid, 5 pts. of peroxide of lead, and 
10 pts. of water are mixed at ordinary temperatures, pure carbonic acid 
is evolved, and a solution of formiate of lead obtained, while the undo- 
composed portion of peroxide of lead is often mixed with tartrate and 
carbonate of lead. (Persoz, Gompt.rend. 11,522; also J. pr. Chem. 23,54; 
Bottger, Beitr. 2, 124.) —13. Tartaric acid boiled with silver-solution 
reduces the silver; if it be boiled with potash and oxide of silver as long 
as the latter continues to be reduced, the acid is converted into oxalic 
acid with evolution of carbonic acid. (Erdmann, Ann. Pharm. 21, 14.) — 

14. Tartaric acid neutralized by alkalis (but not the free acid) reduces 
gold from the chloride without evolution of carbonic acid (Pelletier), and 
platinum from the bichloride in the form of platinum-black, with evolution 
of carbonic acid. (R. Phillips, Phil Mag. J. 2, 94.) — Neutral tartrate of 
potash added to solution of mercuric chloride forms a precipitate of calomel, 
even in the dark. (Brandes, Ann. Pharm. 11, 88.) 

15. Heated potassium and sodium decompose the acid with strong 
effervescence, the latter also with slight emission of light, yielding char¬ 
coal and alkali. (Gay-Lussac & Theuard.) 

16. Aqueous tartaric acid decomposes by keeping, but only in the 
dilute state, producing a small quantity of acetic acid; when digested for 
some weeks with alcohol, it is converted into vinegar. (Bergman.) — 
% According to Wittstein (iY. Jahrb. Pharm . 2, 229), the aqueous solu- 
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tion of tartaric acid is by no means so much inclined to decomposition as 
is commonly supposed: a solution of tartaric acid in 5 times its weight of 
water exhibited after the lapse of a year — during which a fungus bad 
formed in it—the original amount of acid. — According to Stadeler & 
Kranse ( Okem. Gat. 1855, 67), a fresh solution of tartaric acid does not 
reduce an alkaline solution of cupric oxide at a boiling heat; but a solu¬ 
tion which has been kept for some time effects the reduction, and with 
greater rapidity as it is more dilate. 

17. When a solution of neutral tartrate of potash is subjected to the 
action of a powerful voltaic current, the gas evolved at the positive pole 
contains carbonic acid and carbonic oxide, resulting from the combustion 
of the acid by oxygen evolved at that pole from the water. (Martens, 
Instit. 1853, 117.) f. 

Combinations . With Water. — Aqueous Tartaric acid . — The acid 
dissolves in ^pt. of cold and in a still smaller quantity of boiling water. 
The concentrated solution has the consistence of a syrup. 

100 pts. of the aqueous solution contain of the crystallized acid: 


According to Richter. 


Sp. gr. 

Acid. 

Sp. gr. 

Acid. 

1*36 .. 

64*56 

.. . 1*16 .... 

32 06* 

1-32 .... 

58*75 

.... 1*12 . . 

24*98 

1*28 .... 

52*59 

1*08 .... 

17*45 

1*24 .. . 

46*03 

.... 1*04 .. . 

9*06 

1*20 .... 

39-04 



According tc 

i Osann 

(.Kastn . Arch., 

3, 396.) 

Sp. gr. 

Acid. 

Sp. gr. 

Acid. 

1*274 .... 

51-42 

.... 1*109 .. . 

, 22*27 

1*208 

40*00 

.. . 1*068 .... 

. 14*28 

1*174 

34*24 

... 1*023 .... 

5*00 

1*155 

30*76 

.. . 1*008 .... 

1*63 

1*122 

25*00 




The acid dissolved in water turns the plane of polarization of a 
luminous ray to the right (vii. 65), the angle of deviation corresponding 
exactly to the quantity of acid traversed by the ray (Biot, Compt . rend. 
also Togg. 38, 170). — The greater number of optically active sub¬ 
stances exhibit the same specific rotatory power,* whether they are used in 
the pure state, or diluted to any extent with optically inactive solvents. 
But tartaric acid and its compounds form an exception to this rule. The 
optical power of the molecules of tartaric acid is continually increased 
by addition of water, and in a still greater degree by the addition 
of extremely small quantities .of boracic acid, which is itself inac¬ 
tive. — The dispersion of the planes of vibration of the different 
coloured rays by circular polarization likewise exhibits exceptional rela¬ 
tions in the case of tartaric acid. In all other substances, the deflection 
increases with the refrangibility of the ray; but in tartaric acid, the plane 

* Let a denote the deviation of the plane of vibration of the ray in its passage 
through a stratum of liquid of length l and density $ T and e the quantity of the 
optically active substance in the unit of weight of the solution; then : 


is the specific rotatory power for the given coloured ray. (Biot.) 
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of vibration of the green ray is more strongly deflected than those of the 
red and blue., and that of the violet least of all. Moreover, the ratios of 
these angles of deviation are altered by addition of water and boracic 
acid, being thereby brought nearer to the ordinary deviations produced 
by other bodies. Even of boracic acid is sufficient to reduce the 
abnormal dispersion-relations of tartaric acid to the normal relations 
observed in quartz, sugar, &c. Hence it appears that the molecules of 
tartaric acid are altered in their chemical nature by addition of water, 
and still more of boracic acid, without however undergoing actual 
decomposition. (Biot, JVL Ann. Ghim. Phys . 36, 257; abstr. Gompt. 
rend. 35, 233; Instit . 1852, 349; Ann. Pharni . 84, 160; Jahresber , 
1852, 165.) IF. 

Tartaric acid with Boracic acid. —The two crystallized acids triturated 
together while warm, unite even out of contact of air, into a pasty mass, 
which solidifies on cooling, and deliquesces in the air. (Thevenin, 
J. Plmrm. 2, 421.) — A mixture of pulverized tartaric and boracic acids 
deliquesces in air saturated with moisture, in which either of the two 
acids in the separate state would remain dry. Boracic acid dissolves 
more abundantly in water containing tartaric acid than in pure water, 
though the solubility does not increase exactly in proportion to the 
quantity of tartaric acid present. By repeated crystallization, all tire 
boracic acid may be recovered from the solution. (Soubeiran, J. Pharm. 
10, 395; also May. Pharm. 8, 221.) — According to Wittstein {Pharm. 
Centr. 1851, 61), boracic acid does not form a chemical compound with 
tartaric acid without the intervention of a base. The deliquescence of a 
mixture of the two acids arises from the boracic acid abstracting from 
the tartaric acid a portion of its water, and thereby converting it into 
hygroscopic tartaric acid. 

Tartaric acid with Xitric oxide. — The aqueous acid saturated at 37° 
(hut not the pulverized acid) absorbs a considerable quantity of nitric 
oxide gas. The colourless liquid, after a while, deposits needles which 
appear to consist merely of tartaric acid; it evolves no gas even when 
boiled, but produces a deep brown colour with protos nip hate of iron. 
(Reinsch, J. pr. Ghem, 38, 394.) 

Tartrates. — The acid has a powerful affinity for bases. Its alcoholic 
solution does not decompose carbonates unless water be present (Pelouze), 
because tartrates are insoluble in alcohol. (Braconnot.) — The acid forms 
chiefly neutral salts = C 8 H 4 M 2 0 13 , and acid salts = C 8 H 5 M0 12 . Respecting 
the salts in which the metallic oxide contains 30, see especially tho^e of uranic and 
antimonic oxide. — Like free tartaric acid, all tartrates dissolved in water 
turn the plane of polarization of light to the right; only the concentrated 
solution of tartrate of alumina in water, and the solution of tartrate of 
lime in hydrochloric acid, exhibit rotation to the left. (Biot, J. Ghim. 
med. 12, 8.) With this is connected the fact that the crystals of a ! l 
tartrates are hemihedral, and exhibit unsymmetrical faces on the right 
side, excepting the neutral tartrate of lime, which likewise exhibits the 
opposite optical relation. - (Pasteur, -ff. Ann. Ghim. Phys. 24, 442; — 
Gompt. rend. 29, 297; Ghem. Soc. Qu. J. 3, 79; further, JS r . Ann. Ghim. 
Phys . 38, 437; Compt , rend. 35, J76; Ann. Pharni. 84, 157.) — The 
tartrates yield by dry distillation the same products as the free acid, 
viz. carbonic acid, and a carburctted hydrogen gas, acetic acid, pyro- 
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tartaric acid, empyreumatic oils of various degrees of volatility, and 
leave a carbonaceous, often pyrophoric residue. When heated in the air, 
they emit an odour of malic acid. Their dilute solutions are inclined to 
become mouldy. A dilute solution of tartrate of potash, mixed with a 
small quantity of ferment, e. g . an aqueous extract of almond-paste 
prepared in the cold and left in a warm place, is quickly converted into 
carbonate. (Buchner, Jun. Ann. Pharrn . 78, 203.) — The soluble alkalis 
form with tartaric acid, neutral salts which are easily soluble in water, 
and acid salts which are sparingly soluble. The neutral tartrates of 
most other bases are insoluble or sparingly soluble in water, but dissolve 
on addition of tartaric acid. These salts likewise dissolve readily in 
hydrochloric or nitric acid. All tartrates dissolve in excess of aqueous 
ammonia, potash, or soda, excepting the silver-salt, which is insoluble 
in potash and soda, and the mercury-salts, which are not soluble in either 
of the three alkalis. From the solution of a tartrate in water or acid, 
bisulphate of potash throws down, after a while, a precipitate of bitartrate 
of potash. — Tartaric acid forms a great number of double salts. 

Tartrate of Ammonia. — ct. Neutral . — The aqueous acid supersa¬ 
turated with carbonate of ammonia, is evaporated, with frequent addition 
of carbonate of ammonia, and cooled to the crystallising point. Trans¬ 
parent, colourless prisms belonging to the oblique prismatic system. 
Fig. 89; but instead of the /-face there is an e-face between i and m; 
i:m=z 91° 51'; i:«= 127° 40'; e:m= 140° 29'; a : a =z 110° 10'; 

i : a = 124° 55 a : h below = 124° 24'; a : a at the side = 105° .9'; 

i : a = 116° 50'; i : h = S8° 56'; e : a = 137° 39'; m : a = 143° 50'; 

e : a = 110° 28'. The a-faces at one end are enlarged so as to obliterate 

the a and h faces. (Prevostaye, N. Ann. Clam. Plugs. 3, 129.) The 
crystals are therefore hemihedral; they cleave easily parallel to i. (Pasteur, 
comp . Neumann, Schw. 64, 197; Rammelsberg, Fogg. 96, 23). — Ac¬ 
cording to Pasteur also (N. Ann. Ckim. Phys. 42, 418; Compt. rend. 39, 
20; Jahresbe)'. 1854, 395) this salt is dimorphous. From a solution of 
the acid ammonia-salt supersaturated with ammonia, it separates in the 
above-described crystals of the oblique prismatic system; but from a 
solution of that salt mixed with neutral inalate of ammonia (either 
active or inactive, but most readily with the latter), the neutral tartrate 
of ammonia separates in crystals having the same composition and 
properties as the preceding, but belonging to the right prismatic system. 
(See also N. Ann. Ckim. Phys. 38, 437.) — The salt tastes like nitre, 
effloresces in the air from loss of ammonia, is decomposed by heat, 
and dissolves readily in water. — Its solution, exposed to light for half 
a year, exhibits scarcely any turbidity, but becomes alkaline. (Horst, 
Br . Arch. 4, 257.) 


Crystals . 



Dumas 
& Piria. 

Rammelsberg. 

8 C... 

48 

.... 26-09 

... 25-7 

.... 26*22 

2 N... .. 

28 

.... 15*22 

.... 

.... 14-88 

12 H . 

12 

.... 6-52 

.... 6-6 

. .. 6-55 

12 O... 

96 

.... 52-17 


.... 52-35 

C s n 4 (NH 4 ) 2 O u .... 

, 184 

.... 100-00 


.... 100*00 





Dulk. 

2NH 3 . 


. 34 . . 

18*48 . 

.. 16*16 

C s H 6 0 12 . 


.... 150 .... 

81*52 



VOL, 


X. 


184 .... 100*00 


T 
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b. Acid . — The concentrated aqueous solution of salt a, or aqueous 
ammonia, mixed with an excess of concentrated tartaric acid, yields so 
copious a precipitate of the sparingly soluble acid salt in the form of 
delicate needles, that it solidifies. — The transparent, colourless crystals 
belong to the right prismatic system; Fig. 56, but with m-faces in addi¬ 
tion, and always two faces between u and t; %:%■=■ 110° 32'; i : a = 
141° 12'; a : a behind = 127° 12'; u : v! = 70° 44'; t : a = 116° 24'; 
t : u = 125° 22'. (Prevostaye.) According to Pasteur, the crystals ex¬ 
hibit hemihedry to the right by bevelling in opposite directions, some¬ 
what as in Jig . 72, so that, standing opposite to £, the upper bevelling 
face lies to the right. IT. According to a later investigation of Pasteur's 
(AT. Ann. Oh. Phys. 38, 446; Jahresher. 1853, 415) the crystals of this 
salt belong to the oblique prismatic system; and are holohedral when 
obtained from a solution in pure water or weak nitric acid, but hemi- 
hedral when crystallised from a solution mixed with a considerable 
quantity of acid tartrate of soda. *[f. 


Crystals. Bum. & Pina. 

8 C .. 48 .... 28*74 ........ 28*8 

N . 14 .... 8*38 

9 H . 9 .. . 5*39 5*6 

12 O . 96 .... 57*49 

C 3 H 5 (NH 4 )0 12 . 167 .... 100*00 

Or: 

Bulk. 

NH 3 . 17 .... 11*08 . 10*68 

C 8 H G Q 12 . 150 .... 89*82 _ 

C s H 5 (NH 4 )0 12 . 167 .... 100*00 


Acid Tartromalate of Ammonia. — Acid tartrate of ammonia com¬ 
bines with the acid ammonia-salt of optically active malic acid in equal 
numbers of atoms. From a solution of the two salts in this proportion 
in a large quantity of hot water, the acid tartrate crystallizes on cooling: 
the mother-liquor when evaporated and cooled, yields the double salt in 
indistinct prisms (thick acuminated prisms); and from the mother-liquor 
decanted from these crystals, and again evaporated and cooled, the same 
double salt is deposited in white warty nodules; the last mother-liquor 
yields nothing but acid malate of ammonia. — From a solution of equal 
numbers of atoms of acid tartrate and acid malate of ammonia in only 
four times their weight of hot water, the double salt crystallizes on 
cooling, mixed with acid tartrate of ammonia, every two tables of the 
double salt having a narrower table of pure acid tartrate of ammonia 
inserted between them. — The double salt is best obtained by dissolving 
1 pt. of acid tartrate and 2 pts. of acid malate of ammonia in 1 5 pts. of 
hot water, and leaving the solution to crystallize. — It dissolves in 
11*8 pts. of water at 15 b . The solution acts upon polarized light exactly 
in the same manner as a mixture of the two simple salts in equal 
numbers of atoms. When recrystallised, it undergoes partial decom¬ 
position. (Pasteur, A r . Ann, Chim. Phys. 38, 437; Jahresher. 1853, 417.) 


Calculation , according to Pasteur. 


C 8 H 5 (NH 4 )0 12 ..... 167 .... 52*51 

C s H 5 (NH 4 )0 10 .... 151 .... 47*49 

C s H 5 (NH 4 )0 12 ,C 8 H 5 (NH 4 ) O 10 . 318 .... 100*00 
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TARTRATE OF Potash. —— Ct. Ffeiiivtil. — Tartavisirier Weinstein, Tartarus 
tartarisatus, Sal vcgetabile. — By heating the bitartrate with water and 
carbonate of potash or carbonate of lime till it is neutralised. On evapo¬ 
rating the solution, it is obtained in the form of a white powder, having 
a saline bitterish taste. Crystallizes by slow evaporation in transparent, 
colourless prisms belonging to the oblique jmismatic system. Nearly the 
form of Fig. 109, without a-faces; i :f behind = 142° 13'; i:c = 
127° 17'; c :/= 89° 30'; u : m = 112° 3 5 r ; u:c = 103° 35'; u:i=s 
95° 35'. (Prevostave.) Brooke (Ann. Fhil. 23, 161), according to whom 
the crystal is cleavable in the direction of /and c, places the figure in a 
different manner, but gives also the angles, 142° 13'; 127° 17'; 89° 30'; 
and 103° 40'; compare also Bernhardi (A. Gehl. 8,417, and A. Tr. 7, 2, 51); 
Hankel (Fogg. 53, 620); Rammelsberg (Fogg. 96, 19). These crystals, 
according to Hankel, Pasteur, and Rammelsberg, likewise exhibit herni- 
hedry. — The crystals do not give off any thing at 100°; but at 180° 
they part with 3*8 per cent, of water, and between 200° and 22CP, they 
give off, without any colouring, from 5 to 5*5 per cent, more of acetone 
and other products, while a large quantity of carbonate of potash remains 
in the residue. (Dumas & Piria.) At higher temperatures, the salt 
melts and decomposes with intumescence. By dry distillation, it yields 
37*5 per cent, of watery distillate (containing 0 05 p. c. of pyrotartaric 
acid, besides acetic acid, resin, &c.) and 6*25 per cent, of brown oil. 
(Gruner.) 

From the aqueous solution of this salt, most acids (even a stream of 
carbonic acid, according to Dive, J. Fharm. 7, 489; also Schw. 34, 261) 
throw down the bitartrate; according to N. E. Henry (J. Fharm. 12, 80) 
the precipitate formed by sulphuric, hydrochloric, or nitric acid redissolves 
in an excess of the acid. Bromine likewise precipitates the bitartrate, 
with formation of bromide of potassium, and without exerting any 
decomposing action on the tartaric acid. (Cahours, A. Ann. Chim. Fhys. 
19, 507.) The salt triturated with of iodine assumes a pale red, and 
on addition of water, a brown colour. (Vogel.) — 1 pt. of the salt dis¬ 
solves at 2° in 0*75, in 14° in 066, at 23° in 0*63, and at 64° in 0*47 of 
water. (Osann.) In air completely saturated with aqueous vapour, it 
deliquesces, taking in 53 days 82 3 per cent, of water. (Brandes, Schw. 
51, 426.) It dissolves in 240 pts. of boiling alcohol. (Wenzel.) 


Anhydrous. Thomson. Thenard. 




2KO .... 


94*4 .... 

41*69 


42 .... 43 




8 C . 


48*0 .. . 

21*20 






4 H. 


4*0 .... 

1*77 






10 O . 


80*0 .... 

35*34 






C s H<K?0 12 


226*4 .... 

100*00 






Crystals . 



Dumas 
& Piria. 

Berzelius. 

Rammels¬ 

berg. 

2 

ICO.. 


94*4 

.... 40*10 



41*31 .... 

. 40*07 

8 

c. 


48*0 

.... 20*39 


20*17 


20*40 

5 

H ... 


5*0 

.... 2*13 


2*22 


2*13 

11 

O .. 


88*0 

.... 37*38 




37*40 

C s H 4 K 2 0 12 + Aq.. 

235*4 

.... 100*00 




. 100*00 


b. Acid. — Tartar, Weinstein, Tartarus , —— Occurs most abundantly in 
grapes. — When tartaric acid and potash in aqueous solution are mixed 
together, with the acid in excess, there is generally formed after a 

t 2 
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while— provided tlie solutions are not too dilute, the temperature not 
too high, and there is not too great an excess of any of the stronger 
mineral acids present, — a precipitate of the acid tartrate of potash 
consisting of small crystals. In a similar manner, tartaric acid throws 
down the acid tartrate from all potash-salts dissolved in not too large a 
quantity of water; and, according to Pettcnkofer, it affords for these 
salts a more delicate reagent than bichloride of platinum, inasmuch as 
tartaric acid at 10° precipitates a solution of carbonate of potash (sub* 
sequently neutralised with acetic acid) in 700 to 800 parts of water in 
12 to 18 hours, whereas chloride of platinum gives no precipitate in a 
solution containing more than 500 pts. of water; but in presence of 
common salt, the precipitation, either by tartaric acid or by chloride of 
platinum, does not take place, unless the proportion of water is limited 
to 100 pts., or even less. — Perchlorate of potash is not precipitated by 
tartaric acid, since, on the other hand, perchloric acid throws down 
perchlorate of potash from a saturated solution of the acid tartrate 
(Serullas, Ann. Chim. Phys. 46, 297); bisulphate of potash also, accord¬ 
ing to Jacquelain, yields no precipitate of acid tartrate with tartaric 
acid. — Moreover, the stronger acids added to a solution of the neutral 
tartrate, throw down the acid tartrate, and according to Berzelius, 
bisulphate of potash precipitates it from solutions of other tartrates. 

The crude Tartar, Argol, roller Weinstdn, Tartarus crudus, containing 
the colouring matter deposited from the wine, the ferment, and about 
6 per cent, of tartrate of lime, is converted by solution in hot water, 
filtering, crystallisation, and treatment with clay in copper vessels, into 
Purified Tartar, Cream of Tartar, Crystals of Tartar, Cremor Tartar i, 
Tartarus depuratus . —This purified tartar often contains copper, and 
constantly also tartrate of lime to the amount, according to Vauquelin 
Ann. Chim. 63, 33,) of 5 to 7, and sometimes according to Duflos (i\ r . Br. 
Arch. 23, 302,) even of 16 per cent. The quantity of lime is best deter¬ 
mined by ignition, solution in hydrochloric acid, and precipitation with 
oxalate of ammonia. To remove it, 12 pts. of purified tartar arc treated 
for 24 hours, at 20° to 25°, with a mixture of 1 pt. commercial hydro¬ 
chloric acid and 6 pts. water, and after draining, well washed with cold 
water. (Duflos.)'—Gadicke, (Arch. Pharm. [2], 67, 44,) recommends 
for the purification of calcareous tartar, to dissolve it in l£ times its 
weight of hydrochloric acid of sp. gr. 1T45, diluted with an equal weight 
of water, strain the liquid through linen, and mix it with such a quantity 
of milk of lime or solution of carbonate of soda, that sufficient hydro¬ 
chloric acid may remain free to hold the tartrate of lime in solution. *IL 

White, hard, transparent prisms (translucent if they contain tar¬ 
trate of lime,) having a sourish taste, and permanent in the air. They 
belong to the right prismatic system. Pig. 56. They cleave very easily 
parallel to m, (that is, to the edge between u and u backwards and per¬ 
pendicular to t); less easily parallel to t , <a\ and u; u' :ti= 107° 30 ; ; 

: t = 126 2 15; u : a = 117° 2 ; ; i:t = 125° 3(f; i: i backwards = 109°; 
a to the left above : a to the right below = 77°. Generally some of the 
faces, especially a , are disproportionately large, while others disappear. 
(Brooke, Ann. Phil. 23, 161.) Similarly, Prevostaye, according to whom 
the acid tartrate of potash is isomorphous with acid tartrate of ammonia, 
but not with tartaric acid, whence K or NH 4 appears not to be isomor¬ 
phous with H. (Comp. Wollaston Ann. Phil. 10, 37; Schabus, Wien. 
Alcad, Ber . 1850, 42; Jafiresber. 1850, 377.) 
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Air-dried Crystals . Berzelius, Warde^iburg Thomson. 

KO . 47*2 .... 25*08 .. 24*80 . . 24*94 * . 26*6 .... 

C s H 4 0 10 .... 132*0 .... 70*14 .... 70*45 ... 70*82 \ , 

HO . 9*0 .... 4*78 .... 4*75 ... 4 * 24 / *** ' 

C 8 H 5 K0 12 188*2 .... 100*00 .. 100*00 .... 100*00 .... 100*0 .... 100 .... 97 

The crystals cannot be farther dehydrated by heat. (Phillips.) 
But crystals which have been merely dried in the air give off, when heated, 4 per cent, 
of hygroscopic water, which they absorb again in 16 days, if exposed to a thoroughly 
moist atmosphere. (Brandes, Schw. 51, 425 ). — 100 pts. of purified tartar yield 
by dry distillation 37*9 pts. of a mixture of carbonic acid, carbonic 
oxide, carburetted hydrogen, and olefiant gas; 14*0 pts. of watery dis¬ 
tillate, in which, as the distillation proceeds, the amount of formic acid 
continually increases; pyrotartaric acid, which, towards the end of the 
distillation, sublimes in yellowish white needles; 4*2 pts. of empyreu- 
matic oil, which at first passes over light and pale yellow, then conti¬ 
nually browner, heavier, and more viscid, and. at last tarry; and as 
residue, 40*9 pts. of a mixture of charcoal and carbonate of potash. 
(Gobel.)— 100 pts. yield by rapid distillation 33 pts. of watery liquid, 
containing a large quantity of acetic (but no formic) acid, and 11 pts. of 
pyrotartaric acid.— As Wemselos also did not obtain formic acid, it is probable 
that Gobel’s formic acid was merely acetic. —100 pts. of tartar leave 40 pts. 
of a mixture of 31*25 pts. of carbonate of potash and 8*75 pts. of 
carbonate of lime, and charcoal impregnated with sulphide of calcium 
(Brunner,) — Cream of tartar free from lime yields 36*37 pts. of car¬ 
bonate of potash. (Melandri Contessi, Ann. Miami. 5,311.) — Crude 
tartar does not yield any pyrotartaric acid. (Y. Rose, Gruner.) As it 
contains a certain quantity of wine dees, it leaves a small quantity of 
cyanide of potassium, as well as charcoal and carbonate of potash. 
(Hassenfratz, Berthollet , Stalique chim. 2, 232; Gm.) — Cream of tartar 
mixed with nitre detonates slightly when touched with a red-hot coal. 
Salt of Tartar, Black and White Max (iii. 19, 20). — Cream of tartar, 
kept for years in a moist state, undergoes decomposition, and yields 
crystals of carbonate of potasb. (Hecht, Bull. JBkarm . 2, 206.) Its 
aqueous solution becomes mouldy, and yields carbonate of potasb with a 
small quantity of oil. (Berthollet. Mem. Baiis, 1782.) — When boiled with 
lime in water, it gives up all its acid to the lime. (Scheele, Osann.) Tritu¬ 
rated with of iodine, it yields a violet powder, which becomes brownish 
when moistened with water. (Yogel.) — It dissolves in 240 pts. of water 
at 10° (Pettenkofer); and in 14 pts. (Wenzel), 15 pts. (A. Yogel, Brandes,) 
of boiling water. — It dissolves in 238 pts. of water at 2*7°; in 190 pts. 
a.t 13°; in 54 pts. at 40°; and in 20 pts. at 68° (Osann); in 195 pts. at 
19°; in 89 pts. at 25°; in 47*5 pts. at 37*5°; in 37*8 pts. at 50°; in 
22 pts. at 75°; in 16*8 pts. at 87*5°; and in 15 pts. at 100° (Brandes <fe 
Wardenburg); in 178 pt3. at 17*5°, and in J5*3 pts. at 100° (Melandri 
Contessi). — Hydrochloric acid greatly increases the solvent power of 
water upon cream of tartar; then follow in order: sulphuric, nitric, 
oxalic, phosphoric, and citric acids; acetic acid has very little influence; 
tartaric acid appears rather to act in the contrary way. From the solu¬ 
tion in water containing hydrochloric acid, alcohol throws down cream 
of tartar; from water containing sulphuric acid, it precipitates sulphate 
of potash, and from water containing nitrate of potash, it throws down 
nitre. (Destouches, Bull . JPkarm . 1, 468.) 


Berg¬ 

Tte- 

man. 

nard. 

23 . 

... 33 

77 
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Tartrate of Boracic acid and Potash. — Tartarus loraxatus or Cremor Tar - 
tari salubilis of the French. — Obtained by beating cream of tartar for some 
time witli water and boracic acid, which latter, assuming the part of a 
salifiable base, takes up half the tartaric acid, and thereby forms a kind 
of double salt. Boracic acid is rendered much more soluble in water by 
the presence of cream of tartar, and the latter also by the presence of 
boracic acid. If the boracic acid is in excess in the compound, that is 
to say, if there be less than 188 pts. (1 At.) cream of tartar to 61*8 pts. 
(1 At.) crystallized boracic acid), it may be extracted by alcohol; when, 
on the other, hand, the cream of tartar is in excess, that is, when there is 
more than 565 pts. (3 At.) cream of tartar to 123*6 pts. (2 At.) boracic 
acid, this excess remains for the most part undissolved on digesting the 
mixture with a small quantity of cold water. The two following definite 
compounds appear to be distinguishable. 

a. K0,B0 3 ,C 8 H 4 0 10 = C 8 H 4 (B0 2 )0 13 — When 61*8 pts. (1 At.) 
boracic acid are digested for 24 hours, at 60 ° to 70 °, with 247’2 pts. 
of cream of tartar, the mixture then evaporated to dryness, the 
residue dissolved in a little cold water, and the solution filtered, 
188*49 pts. (1 At.) cream of tartar remain in solution; and on eva- 
porating and drying the residue for a considerable time, 214*2 pts. 
(1 At.) of tartrate of boracic acid and potash are obtained; and this, 
when burnt, leaves 84*4 pts. (a little more than 1 At.) of monoborate 
of potash; or, according to another experiment, 100 parts of the dry 
double salt, leave 38 pts. of borate of potash free from carbonate. The 
salt contains, therefore, 1 At. potash, 1 At. boracic acid, and 1 At. tar¬ 
taric acid. — When boracic acid is heated to the boiling point for 10 
minutes with excess of cream of tartar, a double quantity of the latter 
is dissolved, and the filtrate does not deposit anything till it is evapo¬ 
rated and cooled, when it deposits nearly half the cream of tartar. 
(Duflos, Sclav 64, 3 88, and 335.) 

A solution of 1 pt. crystallized boracic acid and 2 pts. cream of tartar 
in 24 pts. of boiling water is evaporated; the compound precipitated from 
the concentrated liquid by alcohol; and the soft mass triturated in the heated 
liquid, dissolved three or four times more iu a small quantity of water, and 
precipitated each time in the same manner by alcohol. (Soubeiran.) — 
Since 188 2 pts. (1 At.) cream of tartar require only 61*8 pts. (1 At.) 
crystallized boracic acid, 2 pts. of cream of tartar cannot require more than 
0*66 pt. of crystallized boracic acid. The precipitations with alcohol 
serve to remove the excess of boracic acid; if the solution of boracic 
acid and cream of tartar be evaporated to dryness, and the pulverized 
residue repeatedly boiled with alcohol, the alcohol may remove a portion 
of the boracic acid, even from the compound a } thereby producing the 
compound 6. (Soubeiran.) 

The compound obtained by evaporation is a colourless, gummy, amor¬ 
phous mass, which softens when heated, has a very sour taste, and dis¬ 
solves very readily in water, but is insoluble in alcohol. Mineral acids 
added to the aqueous solution do not precipitate either cream of tartar 
or boracic acid; tartaric acid throws down cream of tartar after a few 
minutes. Alcohol of sp. gr. 0 81 removes from the compound both 
boracic and tartaric acid. (Duflos.) 

j Dried at 100°. Soubeiran. 


KCV. 47*2 .... 22*06 

B03 . 34*8 .... 16*26 . 16*51 

C s H 4 0 10 . 132*0 .... 61*68 

cm*Kf RO*iOB 214 0 100-00 






TARTARIC ACID. 


279 


According to Soubeiran, the salt dried at 100° gives off at 285°, without further 
decomposition, 8*10 p. c. (2 At.) water, so that there remains K0,B0 3 ,C s H 2 0 b , as 
in the case of strongly heated tartar-emetic (q. v.) 

b. 2C 8 H 4 K(B0 2 )0 13 +C 8 H 5 K0 ia . —3 pt. of crystallized boracic acid 
and 12 pts. of cream of tartar are boiled for 6 liours with a large quan¬ 
tity of water; the liquid evaporated down to a small quantity; the 
mother-liquor decanted from the cream of tartar which crystallizes out 
on cooling, evaporated to dryness; the residue dissolved in a small quan¬ 
tity of cold water; the filtrate again evaporated; the residue redissolved 
in water, &c. &c. as long as any cream of tartar remains behind; and the 
mass obtained by evaporation repeatedly washed with boiling alcohol. 
(Soubeiran.) — Of the same composition appears to be Meyrac’s crys¬ 
talline salt-, obtained by evaporating an aqueous solution of 1 pt. of dry 
boracic acid and S pts. of cream of tartar within a bell-jar over lime. 
Colour less, very acid crystals, which dissolve readily in water, very 
sparingly in alcohol of at most 25° Bra. Their aqueous solution sub¬ 
jected to the action of the electric current yields boracic acid with a 
small quantity of tartaric acid at the positive pole, and acid tartrate of 
potash at the negative pole. When mixed with neutral tartrate of potash, 
it deposits the acid tartrate. Alcohol added to it throws down the salt in 
the form of a viscid mass, which, under the further influence of the 
alcohol, becomes white and solid from loss of water. (Meyrac.) 

Dried at 100°. Souheiran. 

2 BO 3 . 69*6 .... 11*30 11*43 

2 C 8 H 4 KO n . 358*4 ... 58*16 

C 8 H 5 K0 12 . 188*2 30*54 

616*2 .... 100*00 

1 pt. of crystallised boracic acid with 4 pts. of cream of tartar yields 
4*5 pts. of dry salt (a mixture of a and 6), which tastes very acid, does 
not give up any boracic acid to alcohol, and when ignited leaves borate 
of potash with a small quantity of carbonate. From its hot aqueous 
.solution, the stronger acids—but not tartaric acid—throw down boracic 
acid, which then crystallises out on cooling. The salt is not deliquescent, 
but dissolves in f pt. of cold and % of boiling water. The hot solution 
does not deposit cream of tartar on cooling, but solidifies in a gelatinous 
transparent mass containing 34 per cent, of water. (A. Yogel.) — Some¬ 
times the dry mass is insoluble in cold water, but becomes soluble in it, 
after immersion for a few seconds in boiling water. (Soubeiran.) 

With 5 or more parts of cream of tartar to 1 pt. of crystallised 
boracic acid, a mass is obtained which, when dissolved in a small quantity 
of cold water, leaves behind a portion of the cream of tartar. (A. Vogel, 
Soubeiran.) 

Compare Destouches (Bull. Pharm. 1, 468), Thevenin. (J. Pharm. 2, 423), 
Meyrac {J. Pharm. 3, 8). A. Vogel (Schw. 18, 189). Soubeiran (J. Pharm. 10, 399; 
11, 560*, 25, 241:) Soubeiran & Capitaine (J. Pharm. 25, 741 ; also Ann. Pharm. 
34, 206). Dulk. Dudos (Schw. 64, 188 and 333). Wittstein (Repert. Pharm . [3] 
6, 1; Pharm. Cenir. 1851,61; Jahresber. 1850, 378.) 

A mixture of 3 pts. cream of tartar and 1 pt. borate of potash is 
viscid, very sour, and deliquescent. (A. Vogel.) 

The hot aqueous solution of 1 At. tartaric acid and 1 At. chlorate of 
potash does not deposit cream of tartar on cooling, but yields a double 
salt. (Do Vry, Ann. Pharm. 61, 248.) 
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Tartrate of Potash and Ammonia , — Soluble Tartar, aufloslicher Weinstein, 
Tartarus solubilis ammoniacalis, Tartarus ammoniatus .— Obtained by neutralising 
cream of tartar with ammonia or carbonate of ammonia. — Pulverised 
cream of tartar is dissolved in a slight excess of cold, moderately strong 
ammonia; the solution filtered from any tartrate of lime that may have 
separated; then evaporated, fresh ammonia added till an alkaline reaction 
is produced, and the liquid left to cool; or cream of tartar is heated with 
excess of aqueous carbonate of ammonia, and the process completed in the 
same manner. The lower the temperature, the larger and more solid are 
the crystals obtained: Comp. Wittstein ( Repert. 61, 215); Fr. Bucholz (IV. Br. 
Arch. 11, 232); Veling (N. Br. Arch. 37, 38); Rammelsberg {Fogg. 96, 25.) — 
Transparent, colourless prisms, isomorpkous with neutral tartrate of 
potash. (Prevostaye, comp . Pasteur, N. Ann. Chim . Phys. 38, 437.) The 
crystals have a cooling, pungent taste; become opaque in the air from 
loss of ammonia (Lassone, Grell. Chmi. J. 5, 76); give off, when heated to 
140° in a current of air, 12*4 p. c. therefore perhaps !NfH 4 0, while pure 
cream of tartar remains in a very friable state (Dumas & Piria); and 
dissolve very readily in water. 

Crystals. Bulk. 

NH 3 . 17*0 .... 8'29 7*84 

ICO . 47*2 .... 23*00 . 21*35 

C 8 H 5 O n . 141*0 .... 68*71 

C s tI 4 (NH 4 )K0 12 . 205*2 .... 100*00 

5T Rammelsberg obtained a salt isomorpbous with the neutral potash 
salt, and in which § of the potash in that salt are replaced by oxide of 
ammonium. 

Crystals. Rammelsberg. 

f NH 4 0 . 31*2 .... I4 86 . 14*70 .... 14*17 

4 KO. 37*7 .... 17*97 18*44 .... 18*55 

" C 8 H 4 0 10 . 132*0 .... 62*88 

HO. . 9*0 . . 4*29 _ 

C 8 H 4 (NH' , )^K^O’ 5 + Aq. 209-9 ... 100-00 

In consequence of the smaller solubility of the ammonia-salt, a solu¬ 
tion containing 1 At. of each of the two salts yields at first crystals 
containing a larger amount of ammonia than those which are afterwards 
deposited. (Rammelsberg.) H 

2 pts. of cream of tartar and 1 pt. of borate of ammonia dissolved 
together in water and evaporated, leave a gummy acid compound. 
Lassone, Grell. Gkem . J 5, 86; A. Vogel.) 

Tartrate of Soda. — a. JSFewtral. — Tartaric acid is neutralised with 
carbonate of soda, or 3 pts. of tartrate of lime are decomposed by boiling 
with 2 pts. of carbonate of soda dissolved in water; or neutral tartrate of 
potash is decomposed by an excess of sulphate of soda. Transparent, 
colourless prisms belonging to the right prismatic system. Fig. 65, with 
an m-face between u and u ; y \ y— 132° 1 9 r (133° according to Haberle; 
132° 44' according to Prevostaye); y : t 113° 50'; u' : u = 77° 19'; 
u : u behind — 102° 41' (104° 30' according to Haberle; 104° 50' accord¬ 
ing to Prevostaye); u : t = 141° 20' (124 z5' according to Prevostaye). 
Bemhardi (F . Tr . 7, 2, 35). y : u = 108° 30'; u : m = 127 35' (Prevos¬ 
taye.) ^ According to Haberle (A. Geld. 5, 538), the salt likewise forms 
rhombic nrisms of about 92^° and 87g°, and rectangular prisms (vid. also 
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Schabus, Bestimmung cler Krystallgestalten in chemischen Lahomtorien 
erzeugter Prodiccte , Wien, 1855, S. 63; Jahresber. 1854, 396 ,) — By rapid 
crystallisation, the salt is sometimes obtained in needles united in bundles. 
The crystals are permanent in the air and melt in their water of crystal¬ 
lisation when quickly heated. (Herzog, JV. Br. Arch. 31, 1.) At 200°, 
they begin to show colour, and give off 16 p. c. water. (Dumas & Pina.) 
They dissolve in 5 pts. of cold and in every proportion of hot water, but 
are insoluble in absolute alcohol (Bueholz, A. Gehl. 5, .520); in 3*46 pts. 
of water at 6°; in 2'28 pts. at 24°; in 1*75 pt, at 38°; in 1*5 pt. at 42 5 
(Osann); in 2 pts. of cold water. (Herzog.) 


2 NaO . 

8 C. 

8 H. 

14 O . 

Crystals. 

62*4 .... 

48-0 .... 

8*0 .... 
112-0 .... 

Dumas 
& Piria. 

27*09 

20*83 .... 20*06 

3*47 . .. 3*56 

48*61 

C s H 4 Na 2 0 12 + 4Aq. 

230-4 .... 

100*00 

2 NaO . 

62*4 

27*09 

Bueholz. Herzog. 

. 26*8 .... 26*97 

C s H 4 0 10 . 

4 HO . 

132-0 . 

36-0 . 

. . 57*29 

... 15*62 

. 16*9 . . 15*56 

C s H 4 Na 2 0 12 + 4Aq. . 

230-4 . 

. . 100-00 



b. Acid . — Separates on cooling from the hot solution of the neutral 
salt mixed with ^ pt. tartaric acid. Transparent, colourless prisms 
belonging to the right prismatic system. The primary form is a right 
rhombic prism.] Fig. 61, with lateral edges of 140° and 40°; but the acute 
lateral edges are obliquely truncated, so that the resulting irregular six- 
sided prism exhibits two lateral edges of 140°, two of 120° 30', and two 
of 101° [these angular magnitudes are not exact]; moreover, as in 
Fig. 68, two small faces y forming with p an angle of 110°, and two 
faces i , which form with p an angle of 120°. (Haberle.) According to 
Pasteur, they are right rhombic prisms, bevelled in opposite directions, as 
in Fig . 72, but without the t-face. According to Bernhardi, they are 
twelve-sided prisms. — The salt has a very sour taste, and dissolves in 
9 pts. of cold water (12, according to Vogel), in 1*8 pt. of boiling water, 
but is insoluble in absolute alcohol. (Bueholz.) 

Crystals . Dumas & Pina. 


NaO . 

. 31*2 

.. . 16-40 


8 C. 

.... 48*0 

.. 25*24 . 

... 24*81 

7 H. 

. 7*0 

.... 3*68 . 

... 3*89 

13 O. 

. 104-0 

.... 54-68 


C 8 H 5 NaO u + 2Aq. 

... 190*2 

.... 100*00 

Bueholz. 

NaO. 

.... 31*2 .. 

.. 16*40 ... 

. 17*5 

C s H 5 O n . 

.... 141*0 .. 

.. 74*14 


2 HO... 

.... 18*0 .. 

.. 9*46 ... 

. 15*1 

C 8 H 5 NaO K + 2Aq. 

,....190*2 .. 

.. 100*00 



The crystals heated to 108° in a current of air, give off 9*5 per cent, of water. 
(Dumas & Piria.) 

Tartrate of Boracic acid and Soda. — When 75*74 pts. (■§■ At.) of 
tartaric acid dissolved in water are neutralised by carbonate of soda, 
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another 75*74 pts. of tartaric acid then added, and to this acid tartrate of 
soda, 61 *8 pts. (1 At.) of crystallised boracic acid, the solution then 
evaporated, and the residue dried at 100°, the quantity of salt thus 
obtained amounts to 199 pts. From the solution of this salt in water, 
mineral acids do not throw down anything; but tartaric acid, after some 
time, throws down acid tartrate of soda. (Duflos.) 

Acid tartrate of soda forms, both with borax and with borate of 
ammonia, a gummy, amorphous aud deliquescent salt (A. Vogel; see also 
Wittstein, Jahresber. 1850, 378.) 

Tartrate of Soda and Ammonia. — Isomorphous with tartrate of soda 
and potash. (Pasteur.) Sp. gr. 1*58. The formula of the salt is 
C 8 H 4 Na(NH 4 )0 13 + 8Aq. (Mitscherlich, Fogg. 57, 484.) 

Tartrate of Soda and Potash . — Rochelle salt, Seignette salt , Sal poly* 
chrestum Seignette. — Cream of tartar is neutralised with carbonate of soda, 
the solution filtered to separate tartrate of lime, then evaporated, .and 
left to crystallise in the cold. The salt may also be obstained by decom¬ 
posing 1 At. neutral tartrate of potash with 1 At. sulphate of soda or 
common salt, in which case, however, the sulphate of potash or chloride 
of potassium formed at the same time must be separated by crystal¬ 
lisation. Or sulphate of soda may be ignited with charcoal, the product 
digested in water, and the filtrate saturated with cream of tartar (Bauer, 
Bepert. 25, 438); or sulphate of baryta may be ignited with charcoal, the 
baryta precipitated as carbonate from the aqueous sulphide of barium by 
carbonate of soda, and the filtrate neutralised with cream of tartar. 
(Weitzel, Ann. Fharm. 5, 294.) — If the solution of Rochelle salt con¬ 
tains tartrate of lime, the crystals are turbid; but on heating the solution 
for some time to 50° — 60°, the greater part of the tartrate of lime sepa¬ 
rates out. (Geiger, Weitzel.) 

Large, transparent, colourless prisms of 4, 6, 8, 10, 12, or 16 sides, 
and belonging to the right prismatic system. Fig. SO; v! : u = 100° 
(100° 24', Bernh.); u : n = 163° (160°, Bernk.); p ;i = 138° 50'; often 
only half developed, so that the face m or t is situated at the top. 
(Brooke, Phil. Ann. 21, 451; comp. Bernhardi, JV. Tr . 7, 2, 55). The 
half crystals are simple, and the entire ones macled, and consequently 
thermo-electric. (Hankel, Fogg. 49,502). Rochelle-salt likewise exhibits 
hemihedry to the right, the two upper truncations of terminal edges 
being in opposite directions to the two lower. (Pasteur.) %. According 
to a later observation of Pasteur’s (JV. Ann . Chhn. Fhys. 38, 451), the 
salt rarely exhibits kemikedral faces when crystallized from pure water, 
hut the crystals obtained from a solution mixed with acid tartrate of 
potash or ammonia, are generally hemikedral. The crystals effloresce 
when exposed to the air, but only on the surface. They melt when 
heated, then remain liquid for 4 to 8 hours after cooling, and afterwards 
crystallise on the surface; the fused mass poured into cold water remains 
for a long time soft and capable of being drawn out into threads. 
(Marx, J. Fharm. 22, 143.) — The crystals heated in the water-bath 
give off 17*5 per cent, of water, and if then exposed to an atmosphere 
saturated with moisture, absorb 26‘75 p. c. in 8 days. (Brandes, Sclav. 
51, 432.) They do not part with their last atom of water till they are 
heated to 130° (Berzelius, Fogg. 47, 316.) At the temperature of the 
water-bath, they give off only 6 At. water out of the 8 At. which they 
contain. (Schaflgotsch, Fogg. 57, 485.)—Heated to 165° in a current 
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of air, they give off 23*05 p. c., but begin to decompose at the same time. 
(Dumas & Piria.)— They melt between 70° and 80° to a transparent 
colourless liquid which boils at 120°; becomes viscid with formation 
of large bubbles at 170° to 180°; then flows clearly and quietly; and 
boils again between 190° and 195°, the ebullition then continuing to 215°, 
by which time all the water, amounting to 25*09 per cent, is driven out. 
The residue is a viscid mass, which remains transparent when cold; 
absorbs water from the air; turns brown and swells up at 220°; and at 
a higher temperature, is converted, with emission of an odour of burnt 
sugar, into a mixture of charcoal and carbonate of potash and soda. 
The crystals give off 23*26 p. c. water at 180°, or at 100° if they are 
mixed with sand. (Presenius, Ann . Pharm. 53, 234.) 

The dry salt dissolves in 2 62 pts. of water at 6°. (Fresenius.) 
The crystals dissolve, according to Osann, in 3 3 pts. of water at 3°, in 
2-4 pts. at 11°, and in 1*5 pt. at 26°; according to Brandes, in 2 pts. at 
5*6°, in 1*2 pt. at 12*5°, in 0*42 at 25°, and in 0*3 at 37*5°. The 
solution saturated at 8° has a density of 1*254. The solution preci¬ 
pitates bichloride of platinum, and forms a precipitate of cream of tartar 
with sulphuric or tartaric acid. (Widmann, Buchner, Kaiser, Bepert. 
22, 257.) 


KO . 

NaO . 

8 C . 

12 H .. 

18 O . 

Crystals . 

. 47*2 ... 

. 31*2 ... 

. 48*0 ... 

. 12*0 ... 

. 144*0 .. 

16*71 
11*05 
17*00 ... 

4*25 .. 

50*99 

-uumas -n, 

& Piria. Fresemu 

. 17*1 .... 17*06 

. 4*3 .... 4*33 

C 8 H 4 KNa0 12 + 8Aq, 282-4 .. 

.. 100*00 






Scbaffgotseh. 

Fresenius. 

KO ... 

. 47*2 . 

... 16*71 , 

. 16*60 


NaO . 

. 31*2 . 

... 11*05 . 

. 11*18 


C 8 H 4 O 10 k ... 

. 132*0 . 

... 46*74 



8 HO . 

. 72-0 . 

... 25*50 . 


, 25*09 

C s H 4 KNaO l2 + 8Aq.... 282‘4 . 

... 100*00 




Tartrate of Borax and Potash. — Tartarised Borax , Boraxweinsteiny Tar¬ 
tarus boraxatus , Cremor tartari solubilis r Borax tartarisafa of the Germans.— 
Obtained by dissolving 1 pt. of common borax and 3 pts. of cream of 
tartar in warm water, filtering if necessary from tartrate of lime, and 
evaporating to dryness. — If 5 pts. of cream of tartar are taken to 1 pt. 
of borax, the mass, when redissolved in cold water, leaves 2 pts. of cream 
of tartar behind. (Duflos, Schw , 64, 333.) — With 1 pt. of borax to 
2 pts. of eream of tartar, the mass is alkaline and less soluble, and with 
equal parts, even the borax crystallizes out separately. (A. Vogel, 
J. Pharm. 3, 1.) The residue obtained with 1 pt. borax to 3 pts. cream 
of tartar amounts, after drying at 100°, to 3*6 pts. (A. Vogel), to 3*53 pts. 
(Duflos). [Since 1 : 3 as 1 90*8 (the atomic weight of 10-hydrated borax) 
: 572*4, and since 3 . 188*2 (the atomic weight of cream of tartar) 
= 564*6, it follows that this tartarised borax must contain 1 At. borax 
and 3 At. cream of tartar, and may be regarded as a mixture of 2 At. 
tartrate of boracic acid and potash a. (page 278), and 1 At. tartrate 
of soda and potash; 

NaO,2BO 3 ,10HO + 3C S H 5 KO U =2C S H 5 K(BO-)0 12 + C 8 E 4 KNaO u + 13HO.] 
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Duflos liad previously estimated the proportions of the constituents 
correctly, inasmuch as he supposed the compound to contain 3 At. 
potash, X At. soda, 2 At. boracic acid, and 3 At. tartaric acid. [Accord¬ 
ing to the above equation, 190 8 borax with 3 . 188 2 cream of tartar 
(making together 765 4 pts.) should part with 13 . 9 = 117 pts. of water, 
and therefore 4 pts. (1 pt. borax to 3 pts. cream of tartar) should give off 
0*62 pt. water. Duflos supposed the loss of water to amount to only 
0*47 pts.; but it must be remembered that 3 pts. cream of tartar to 1 pt. 
borax is rather too much, and that the cream of tartar which is in excess 
does not give off any water. — It might be objected to the equation 
above given, that the Rochelle salt supposed to exist in the mixture 
would crystallise out; but the large quantity of the tartarised borax 
likewise supposed to exist in it, which in the state of concentrated 
solution has a viscid consistence, may prevent the crystallisation.] 

Tf. According to Wackenroder (Arch. Pharm. [2] 58, 4; Jahresber. 
1849, 306), a concentrated solution of 1 pt. borax and 3 pts. of purified 
tartar (still, however, containing lime) gradually deposits a finely divided 
crystalline powder containing 19*2 p. c. potash, 4*3 lime, 1*0 soda, 
61*3 anhydrous tartaric acid (C 8 H 4 0 10 ), 2*0 boracic acid, and 12*2 water. 
In tartarised borax thus prepared, -L of the tartar is in excess and merely 
mixed with the true double-salt, and gradually separates from the 
solution. As the best mode of preparing tartarised borax. Wacken¬ 
roder recommends to dissolve 24 pts. (2 At.) crystallised borax and 
59 pts. (5 At.) dry pulverised cream of tartar, purified as completely 
as possible with hydrochloric acid, in 180 pts. of water at a gentle heat, 
then filter and evaporate; the product dried at 50° to 130°, till it no 
longer diminishes in weight, may afterwards he preserved unaltered 
(tartarised borax prepared with 1 pt. borax to 3 pts. cream of tartar 
is also not subject to deliquescence or alteration, unless it has been but 
imperfectly dried). The product, when perfectly dried, gives off such a 
quantity of water, that 4 At. tartaric acid may be supposed to be con¬ 
verted into C 8 H 2 0 8 . — According to Wifctsteiu, (Repet't. Pharm. [3] 6, 1; 
Jahresber. 1850, 378,) 1 At. borax converts at most 2 At. cream of tartar 
into an easily soluble double salt, which when perfectly dry has the 
composition C 8 H 4 (B0 2 )K0 13 [?]. % 

Similar compounds are obtained with borate of potash and acid tartrate of soda, 
and with acid borate of soda and cream of tartar. (Hagen.) 

The mass obtained with 1 pt. borax and 3 pts. cream of tartar is 
gummy, amorphous, and rather acid. When burnt, it leaves a mixture 
of borate and carbonate of potash. (Duflos.) — [As 2 At. boracic acid, 3 At. 
potash, and 1 At. soda are present, and 2 At. boracic acid take up only 2 At. alkali, 
the residue must consist of 2 At. borate of potash with 2 At. carbonate], — Absolute 
alcohol does not extract from it either boracic or tartaric acid; sulphuric, 
hydrochloric, or nitric acid throws down from it, not cream of tartar, but 
boracic acid, which may be dissolved out by alcohol; tartaric acid on 
the other hand precipitates cream of tartar. (A. Vogel.) Alcohol of 
sp. gr. 0*81 dissolves ont boracic and tartaric acid. (Duflos.) — The 
mass dissolves in 1 pt. of cold and pt. boiling water; but is insoluble 
in alcohol. (A. Vogel.) It deliquesces in damp air, and becomes solid 
again in a dry atmosphere. (Meyrac.) 

The aqueous solution was once observed to exhibit luminosity when evaporated. 
(Herberger, Repert . 55, 59); compare also Dulk. 

Tartrate ofLithia. — a. Neutral. — Remains on evaporating the 
solution, as a white, opaque, non-crystalline, deliquescent mass, which 
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dissolves readily in water, and then effloresces. (Arfvedson.) The 
dried salt yields, when burnt, 44*44 per cent, of carbonate of lithia. 
(Dulk.) 

h. Acid .— Uncrystallisable, still more soluble. (C. Gmelin.) White, 
shining, very small, easily soluble crystals, which when ignited, leave 
20*22 p. c. carbonate of lithia, and, when dried in vacuo with twice their 
weight of* lead-oxide and a small quantity of water, give off 19*22 p. c. 
water. (Dulk.) 

Crystals . Dulk. 

LiO . 14*4 .... 7*89 7*60 

C s H 4 0 10 . 132*0 .... 72*37 

4 HO. 36*0 19*74 ... 19*22 

C R H 5 Li0 12 + 3Aq. 182*4 .... 100*00 

Tartrate of Lithia and Potash . — Obtained by saturating cream of 
tartar with carbonate of lithia. Large rectangular, slightly displaced 
four-sided prisms, having a saline, bitter taste, slightly efflorescent, readily 
soluble in water. (C. Gmelin.) Melts when heated. (Dulk.) 


Crystals. Dulk. 

KO. 47*2 .. 22*30 ... 22*17 

LiO . . 14*4 6*81 6*54 

C s H 4 0 10 132*0 . 62*38 

2 HO . 18*0 .... 8*51 .. 8*71 


C 8 H 4 KLi0 12 + 2Aq. .. 211*6 100*00 

Tartrate of Lithia and Soda. — Obtained by saturating acid tartrate 
of soda with carbonate of lithia. Long rectangular prisms, often with 
obliquely set terminal faces; efflorescent only on the surface; easily 
soluble in water. (C. Gmelin.) 


Indistinct Crystals. Dulk. 

NaO. 31*2 .... 14*61 . . 14*72 

LiO . 14*4 .... 6*74 . 6*57 

C 8 H 4 O w . 132*0 ... 6I*S0 

4 HO . .... 36*0 .. 16*85 . 15*43 


C 8 H 4 NaLi0 12 + 4Aq. 213*6 .... 100*00 


Tartrate of Baryta. — Baryta-water is precipitated by tartaric 
acid, but recovers its transparency on addition of excess of acid. Neutral 
tartrate of potash forms with chloride of barium, white flakes which 
become crystalline in 12 hours. (Wittstein, Pepert. 57, 22.) Highly 
concentrated solutions yield a crystalline, dilute solutions a pulverulent 
precipitate; moreover, the precipitate redissolves spontaneously, wheu to 
the solution of the potash-salt in not more than 30 parts of water, there is 
added a quantity of chloride of barium, much less than sufficient to pre¬ 
cipitate the whole of the tartaric acid. The same reaction is exhibited by 
tartrate of potash and ammonia and by tartrate of soda and potash. 
(Bush, Br. Arch . 24, 244.) — The precipitated neutral salt is a white 
loosely coherent (Richter) or crystalline powder. — It yields by dry 
distillation, empyreumatic oil and acetic acid, but no pyrotartaric acid. 
(Gruner.) — The carbonaceous residue takes fire after cooling in the air. 
(Bottger.) It is decomposed by aqueous sulphate of potash or soda. 
(Kolrenter.) — It dissolves in 400 to 1000 pts. of water, but less easily 
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after drying. (Bolle, Br. Arch . 24, 236.) It dissolves readily in cold 
aqueous sal-ammoniac. (Brett, Phil. Mag. J\ 10, 95.) According to 
Wittstein, it does not. It dissolves in cold potash-ley, forming a liquid 
which coagulates by heat; this liquid may also be prepared with baryta- 
water and neutral tartrate of potash or soda. (Osann, Gilb. 69, 290.) 

Dried warm in vacuo. Bolle. Bulk. 

2 BaO. 153*2 .... 53*72 . 52*79 .... 53*06 

C 8 H 4 O l ° . 132*0 .... 46*28 

C 8 H 4 Ba s O u . 285*2 .... 100*00 

Tartrate of Baryta and Potash. — A solution of cream of tartar mixed 
with not too large a quantity of baryta-water, does not form any pre¬ 
cipitate. (Thenard.) By evaporating the clear mixture, a neutral pul¬ 
verulent double salt is obtained, sparingly soluble in water. (Dulk.) 


KO ... 

Air-dried powder . 
... 47*2 .... 

17*24 .... 

Dulk. 
.... 17*00 

BaO . 

. 76*6 ... 

27*98 .... 

.... 27*50 

C 8 H 4 0 10 . 

.. 132*0 .... 

48*21 


2 HO . 

.. 18*0 .... 

6*57 .... 

.... 5*42 


C 8 H 4 KBa0 12 + 2Aq. 273*8 .... 100*00 


Tartrate of Baryta and Soda . — Precipitated on mixing an aqueous 
solution of Rochelle salt with chloride of barium, chloride of potassium 
then remaining in solution; if the liquid be very dilute, the double salt 
is precipitated after some time only, and takes the form of needles. 
Dissolves sparingly in water, more readily in the aqueous solution of 
Rochelle salt. (Kaiser.) 


Crystals. 



Dulk. 

NaO. 

31*2 .. 

.. 12*11 .... 

... 11*82 

BaO... 

76*6 .. 

.. 29*71 .... 

. 29*34 

C 8 H 4 0 10 . 

132*0 .. 

.. 51*20 .... 

.... 53*02 

2 HO. 

18*0 .. 

.. 6*98 .... 

.... 5*82 

C s H 4 NaBa0 12 + 2Aq. 

257*8 ., 

.. 100*00 .... 

.... 100*00 


Tartrate of Strontia. — Tartaric acid forms a cloud in strontia- 
water, but an excess removes it. Strontia-water neutralised with tartaric 
acid yields, by gentle evaporation, small rectangular tables belonging to the 
right prismatic system, and bevelled at the edges. (Dulk Sc Neumann.) 
The aqueous solution of neutral tartrate of potash forms with chloride of 
strontium, white flakes which become crystalline in a minute. (Witt¬ 
stein.) With nitrate of strontia it forms a slight precipitate, which dis- 
solves on the application of a gentle heat, but is copiously deposited in 
sliming crystals on boiling. (Vauquelin.) These crystals, however 
according to Dulk, are contaminated with nitre. The cold aqueous 
mixture of neutral tartrate of potash and nitrate of strontia yields 
oblique rhombic prisms belonging to the oblique prismatic system. 
Jig. 81, i : u — 92 35'; u : u = 125° 20' (Teschemacher, Phil. Maa. 
Ann. 3, 29; also Kastn. Arch. 13, 198.) — The salt, when ignited in a 
close vessel, leaves a pyrophoric residue. (Bottger.) It dissolves in 
147 pts. of water at 16°. (Dulk.) Dissolves rapidly in aqueous hydro- 

(Wittetein) d SUCCmate of ammonl ^ slow] y in nitrate of ammonia. 
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Air-dried Crystals. Dulk. 

2 SrO . 104 .... 33-77 34*33 

C s H 4 0 10 . 132 .. . 42*86 

8 HO . 72 .... 23*37 21*51 


C 8 H 4 Sr20 12 +8Aq. 308 .... 100*00 

Tartrate of Strontia and Potash. — Similar to the tartrate of baryta 
and potash. (Thenard.) 

When prepared like the corresponding baryta-salt, it exhibits, after 
drying in the air, the following composition : 


KO .. 

... 47*2 .... 

, 18*94 .... 

Dulk. 
.... 18*53 

SrO. 

... 52*0 .... 

, 20*86 .... 

.. . 20*42 

C s H 4 0 10 .. 

... 132*0 .... 

52*97 


2 HO. 

... 18*0 .... 

7*23 .... 

.... 6*76 

C 8 H*KSr0 12 + 2Aq. . 

... 249*2 .... 

100*00 



Tartrate of Stro7itia and Soda. — Acid tartrate of soda, neutralised 
with strontia-water and evaporated, leaves a gummy mass, which melts 
when heated, and gives off 8*05 p. c. (2 At.) water. It dissolves in 
1*4 pt. water at 15°, and in all proportions of hot water. (Dulk.) 

Dried . Dulk. 

NaO . 31*2 .... 14*50 14*66 

SrO. 52*0 .... 24*16 22*74 

C 8 H 4 0 10 .132*0 ... 61*34 

.— - ---—--—.........-. ..Ju 

C s H 4 NaSr0 12 . 215*2 .... 100*00 

Tartrate of strontia forms with cold aqueous potash or soda a solution 
which coagulates every time it is heated; but if the heating be continued 
too long, the precipitate does not disappear on cooling. (Osann.) 

Tartrate of Lime. — a . Neutral . — Occurs in many plants, espe¬ 
cially in grapes, and mixes with the tartar, sometimes, according to 
Walchner, covering it with crystals. Also in considerable quantity in 
senna-leaves. (Casselmann.) — Lime-water forms with tartaric acid an 
abundance of white flakes, which sometimes become crystalline; they 
dissolve immediately in excess of the acid, the solution, after a while, 
depositing the neutral salt. Neutral tartrate of potash forms with 
chloride of calcium a crystalline pulverulent precipitate. (Wittstein.) In 
dilute solutions, the precipitate appears after some minutes only; in solu¬ 
tions diluted with 600 to 120 pts. of water, after 12 to 48 hours only, 
and is then more distinctly crystalline; when the tartrate of potash is 
dissolved in not more than 20 pts. of water, an insufficient quantity of 
chloride of calcium forms a precipitate which redissolves. (Busch, Br. 
Arch. 24, 244.) The salt is obtained in the process of preparing tar¬ 
taric acid (p. 266). It presents itself, sometimes as a white tasteless 
powder, sometimes in small rectangular octohedrons, having the solid 
angles at the base truncated. Fig. 47, with t* and m-faces; y : y = 100°; 
sometimes lengthened horizontally into a prism. (Walchner, Schw. 44, 
133.) Right rhombic prisms with octohedral summits; Fig. 64, without 
the i- and ii- face; u : u= 82° SO 1 . Angle of the octohedron = 12*2° 15'; 
no hemihedry. (Pasteur.) The crystals, when heated, give off water and 
lose their transparency. (Walchner.) When strongly heated, they swell 
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up without melting, and yield an empyreumatic oil, together witli a large 
quantity of acid distillate (Walchner) containing acetic but no pyrotartaric 
acid. (Gruner,) The residue is pyrophoric. (Bottger.) The salt, when 
heated with potassium, decomposes, with faint emission of light, and yields 
charcoal and alkali; with sodium it decomposes in a similar manner, hut 
with stronger emission of light. (Gay-Lussac <& Thenard, Recherck. 2, 
302.) When gradually heated in a tube after addition of ammonia 
and of nitrate of silver in small fragments, it covers the sides of the tube 
with a metallic speculum of silver, just like that produced by aldehyde- 
ammonia. A very small quantity of the lime-salt is sufficient to produce 
this reaction, but it is essential that the nitrate of silver be added in 
small pieces; if it be added in solution, the reduced silver is merely 
deposited in a grey powder. Racemate of lime produces the same 
reaction. (A. Casseimann, Arch. Pharm. 83, 148; Chem. jSoc. Qu. J. 8, 
306.) IT For the decomposition by putrefaction, see ix. 414. 

The salt dissolves in 1995 pts. of water at 8° and in 906 pts. at 80° 
(Osann); in 600 pts. of boiling water; in 1210 pts. of cold, and 350 pts. 
of boiling water. (Casseimann.) It dissolves readily in mineral acids, 
acetic acid, and cream of tartar. From its solution in hydrochloric acid 
it is not precipitated*by ammonia (Gay-Lussac); for, according to Brett, 
it dissolves in aqueous hydrochlorate or nitrate of ammonia; only 
however while the precipitate is still flocculent, not after it has become 
crystalline. (Wittstein.) The solution of the salt in hydrochloric acid 
does not form an immediate precipitate with ammonia (unless it be very 
highly concentrated), but after a while it deposits crystals of the salt 
(Berzelius); and when chloride of calcium is precipitated by neutral 
tartrate of potash, the flocculent precipitate dissolves readily in sal- 
ammoniac, but after a while tlie crystalline salt again makes its appear¬ 
ance, at least in concentrated solutions. (Gm.) [Hence the crystalline salt 

appears to be less soluble in sal-ammoniac than the flocculent salt.]_The salt 

dissolves abundantly in cold solution of caustic potash (yich inf); it 
dissolves pretty readily in a concentrated aqueous solution of neutral 
tartrate of potash, tartrate of potash and ammonia, or tartrate of soda 
and potash, whence it separates for tlie most part on dilution with 
water, and likewise on evaporating the solution and treating the residue 
with water. (Hornemann, Bcrl. Jahrb. 1822, 1, 81; Busch.) 


Or: 


Dried at 100°. 



Gay-Lussac & Thenard. 

2 CaO. 

. 56 . 

... 21*54 

. 22*42 

8 C ... 

. 48 . 

... 18*46 

. 18*66 

12 H. 

. 12 . 

... 4*62 

. 5*14 

18 O. 

, 144 . 

... 55*38 

. 53*78 

C s H 4 Ca 2 0 12 + 8Aq. 

260 .. 

... 100*00 

.100*00 


Berzelius. Meissner. 

2 CaO . 56 .... 21*54 24*64 .... 21*60 

CTO 10 . 132 ... 50*77 

8 HO . 72 ... 27*69 27*81 ... 27*71 


C 8 H 4 Ca“0 12 + 8Aq. 260 ... 100*00 

The crystals contain the same amount of water. (Dumas & Piria.) 

h Acid . — Obtained by John (Chem. Schriften , 4, 175), from the 
fruit of Rhus typhinum, and erroneously regarded by Meissner (Schw. 
45, 104,) as the neutral salt. —When lime-water is mixed with a suffi- 
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cient quantity of tartaric acid to redissolve tLe precipitate, and the 
mixture set aside, it deposits the neutral salt; but by immediate evapo¬ 
ration, crystals of the acid salt are obtained. (Dulk.) Right prismatic 
system. Fig. 44; the obtuse terminal edges of the octohedron rest on 
the narrow lateral edges of the right rhombic prism. Angle of the acute 
terminal edges of the octohedron = 82° 50'; angle of the obtuse terminal 
edges, which are truncated = 1.53° nearly. (Neumann.) The crystals 
are transparent, redden litmus, dissolve sparingly in water, and their 
solution is precipitated by alkaline carbonates, oxalic acid, and neutral 
acetate of lead, but not by ammonia, nitrate of baryta, or nitrate of silver. 
(John.) They dissolve in 140 pts. of water at 16 a , more readily in hot 
water. (Dulk.) — Lime-water mixed with tartaric acid till its trans¬ 
parency is restored, is not rendered turbid by ammonia. (Thenard.) 

Crystals . Dulk. 

CaO. .. 28 . .. 16*57 . 17*44 

C s H 5 O n . Ill ... 83*43 


OTDCaO 1 " . 1G9 .... 100*00 

Tartrate of Lime and Potash. — a. Basic . — Tartrate of lime dissolves 
alter some time in moderately warm aqueous potash. (Osann.) The 
same solution is obtained by moderately heating hydrate of lime with 
water and cream of tartar, or with neutral tartrate of potash, tartrate of 
potash and ammonia, or tartrate of potash and soda. It is mobile and 
caustic. Carbonate of potash with the aid of heat precipitates all the 
lime from it. (Lassone, Crell. Ghem.J. 4,109.) The perfectly saturated 
solution deposits part of the tartrate of lime, even on addition of water. 
(Osann.) It solidifies every time it is heated, provided it be not too 
concentrated, to a turbid, pasty mass. (Lassone, Osann.) If it be then 
filtered while hot, there remains on the filter a compound of about 3 At. 
lime to 1 At. tartaric acid. (Osann.) — The cold liquid appears to be a 
solution of neutral tartrate of lime in potash; the potash at the boiling 
heat abstracts from the lime a portion of the tartaric acid, and throws down 
a basic salt. In the cold, this basic salt again takes from the potash the 
tartaric acid which the latter had abstracted from it, and is thereby 
again rendered soluble. (Osann, Gilb. 96. 291; Kastn. Arch. 3, 204; 
Fogg. 31, 36; comp. Funcke, JRtperi. 12, 337.) 

b. Xeutral. — a. With equal numbers of Atoms. — Separates gradually 
from a mixture of aqueous cream of tartar with not too large a quantity 
of lime-water. (Thenard.) 

p. With excess of Tartrate of Potash. — The solution of neutral 
tartrate of potash in an equal weight of water, boiled down with excess 
of tartrate of lime, dissolves 27 per cent, of that salt. The solution 
remains clear and liquid in the cold; but when evaporated to a syrup, 
the greater part of it solidifies on cooling to a mass consisting of needles, 
which becomes somewhat moist in the air, dissolves completely in boiling 
water, but is decomposed by cold water, which dissolves its own weight 
of the salt, with separation of all the lime excepting 1^ per cent., and 
this quantity is afterwards completely precipitated on diluting the solu¬ 
tion with 9 pts. of cold water. (Hornemann, Berl. Jahrb . 1822, 1, 81. 

c. Acid .— The solution of 1 pt. borax and 3 pts. cream of tartar 
containing tartrate of lime, in not too small a quantity of water, deposits 

VOL. s. l 
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a, white, slightly acid, crystalline meal, which grates between the teeth, 
is noariy insoluble in cold water, and is rosolved by boiling water into 
cream of tartar which dissolves, and tartrate of lime which remains 
behind; when burnt, it leaves 13 p. c. carbonate of lime, and 22*4 p. c. 
carbonate of potash (no boraeic acid), and therefore contains 35*80 p. c. 
neutral tartrate of lime with 63*63 p. c. acid tartrate of potash [about 
equal numbers of atoms]. (Th. Martius, Kastn. Arch. 19, 361.) 


Tartrate of Lime and Soda .— a . Basic . — An aqueous solution of 
31 *2 pts. (1 At.) dry soda dissolves but a small quantity of tartrate of 
lime, at ordinary temperatures, but when moderately heated, takes up 
101*1 pts. [less thanAt.]. Hydrate of lime is dissolved by aqueous 
tartrate of soda. These solutions coagulate whenever they are heated, 
still more strongly than those which contain potash, and form a stiff 
jelly. A solution diluted beyond a certain point does not coagulate; the 
stronger it is, the higher is the temperature at which it coagulates. The 
precipitate formed on heating the liquid is basic tartrate of lime. This 
precipitate dissolves more readily in a concentrated liquid and at a 
temperature a little below the point of coagulation, than in a dilute 
solution and in the cold. When the coagulated mass is evaporated to a 
small bulk, it forms, first a yellow transparent liquid, then a white mass. 
(Osann, Gilb. 69, 290.) 

1. Neutral. — Precipitated on mixing Rochelle salt with chloride of 
calcium in white flakes, which afterwards become granular; or, if the 
solutions are very dilute, the double salt is precipitated after some 
minutes in numerous small needles, which dissolve sparingly in water, 
more readily in excess of Rochelle-salt, and still more readily in chloride 
of calcium. (Kaiser, j Repert. 22, 260.) 


Takteate of Magnesia. — a . Neutral — Dilute tartaric acid 
digested with excess of Magnesia alba, yields a filtrate which, by cooling 
and evaporation, deposits a crystalline crust, soluble iu 122 pts. of water 
at 16°. (Dulk.) The residue obtained by ignition is pyrophoric. (Bottger.) 
The solution has but little taste. (Aviat, J. Ckim. m£d. 23, 447.) 
Aqueous sal-ammoniac dissolves the salt readily. (Brett.) — Magnesia- 
salts mixed with tartaric acid are not precipitated by excess of ammonia, 
potash, or soda, or their carbonates. (H. Rose.) 

Crystals . Dulk. 

2MgO. 40 .... 16-39 17-65 

0 s H 4 O 10 . 132 .... 54*10 

8 HO . 72 .... 29*51 29*30 

C 8 H 4 Mg 2 0 12 + 8Aq. 244 .. 100*00 


l. Acid . — Obtained by using a larger quantity of acid. Transparent, 
colourless, short, six-sided prisms, which intumesce when heated and are 
soluble in water. (Bergman.) Crystalline crust, soluble in 52 pts. of 
water at 3 6°. (Dulk.) 


Crystals. 

Mg-0. 

C^O 11 . 


20 .... 
141 .... 


12*42 

87*58 


Dulk. 

12*88 


C 8 H 5 Mg0 12 


161 .... 100-00 
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Tartrate of Magnesia and Potash. — Obtained by boiling cream of 
tartar with excess of magnesia alba and water, and evaporating tho 
filtrate. (Thenard, Dulk.) At first small crystals are obtained which 
intumesce strongly in the fire, and do not become moist in the air; and 
the mother-liquor, when subsequently evaporated, leaves a gummy mass. 
(Dulk.) Thenard obtained only an amorphous salt, which became 
glutinous when heated, turned moist in the air, and was precipitated by 
potash. [Is this amorphous compound a basic salt?] 


Crystals . 



Dulk. 

KO. 

47-2 .. 

.. 17*41 .... 

.... 17*44 

MgO . 

20-0 .. 

.. 7*37 .... 

.... 6-97 

C 8 H 4 0 10 . 

132-0 . 

48-67 


8 HO. 

72-0 .. 

.. 26*55 .... 

.... 25-36 

C®H 4 Mg0 13 + 8Aq.. 

. 271*2 .. 

. 100-00 



Tartrate of Magnesia and Soda . — The clear aqueous mixture of 
Rochelle salt and chloride of magnesium yields by evaporation, efflo¬ 
rescent rhombic prisms belonging to the oblique prismatic system; they 
must be freed from adhering chloride of calcium by washing. (Dulk.) 
About the shape of Pig. 97, without the/-face; u : n = 51°; i:t~ 103°. 
(Neumann.) 

Crystals. Dulk. 


NaO . 

. .. 31*2 .. 

.. 11*42 . 

.... 12-32 

MgO . 

.... 20-0 .. 

.. 7-32 ... 

... 6*72 

C s H 4 O w . 

.. 132-0 .. 

.. 48-32 

. . 32-47 

10 HO. 

.... 90-0 .. 

.. 32*94 ... 


C a H 4 NaMg0 13 + lOAq. 273-2 .... 100-00 

Cerous Tartrate. — Tartrate of potash, hut not the free acid, forms 
a white precipitate with cerous salts. The slight solubility of this Pre¬ 
cipitate in water is not increased by addition of tartaric acid. It dis¬ 
solves readily in potash and soda, and still more readily in ammonia; 
this solution yields a gummy mass by evaporation. (Berzelius.) 

Tartrate of Lanthanum. —Soluble in ammonia. (Berzelius.) 

Tartrate of Yttria.— a. Keutral. — Tartrate of potash forms 
with yttria-salts a precipitate which dissolves sparingly in water, readily 
in alkalis. (Klaproth, Berzelius.) The bulky precipitate dries up after 
washing to a white loose powder, which contains no water, decomposes 
very slowly by ignition, and is insoluble in water. (Berlin.) 

1. Acid. The first quantities of the salt a, which are added to the 
aqueous acid, dissolve sparingly; the following acquire, after a while, a 
crystalline aspect, being converted into the acid salt. (Berlin.) 

Tartrate of Glucina. — Crystallizes with difficulty by slow eva¬ 
poration. Readily soluble. (Vauquelin.) 

Tartrate of Alumina. — Occurs in Lycopodium. clavatim. — 
Gummy mass, which lias a rough sweetish taste, does not deliquesce in the 
air, and dissolves readily in water, (v. Paecken.) — Neither tartrate of alu¬ 
mina, nor any other salt of alumina mixed with tartaric acid, is preci¬ 
pitated by alkalis or alkaline carbonates. (Thenard, H. Rose.) 
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Tartrate of Alumina and Ammonia . Amorphous. (L. A. Buchner, 
Pepert. 78, 320.) 

Tartrate of Alumina and Potash .— a. Basic. An aqueous solution of 
neutral tartrate of potash (or of Rochelle salt), dissolves, when heated, a 
large quantity of alumina, without becoming alkaline. (Thenard.) The 
aqueous solution deposits, on addition of alcohol, oily drops, which 
unite into a layer, and whose aqueous solution dries up on evaporation to 
a gum containing potash and soda. (Wcrther.) 

b. Neutral 1 A solution of cream of tartar dissolves hydrate of 
alumina, and is converted into an amorphous mass, which is not preci¬ 
pitated by alkalis. (Thenard.) The aqueous solution, of sp. gr. V477, 
rotates the plane of polarization to the left, but acquires greater dextro* 
rotatory power the more it is diluted. (Biot.) 

When 1 pt. of cream of tartar is boiled with 4 pts. of water, the 
addition of |* pt. alum causes the whole to dissolve; as the liquid 
cools, small quantities of cream of tartar and of alum are precipitated; 
and the remaining very acid liquid yields, by evaporation, a white saline 
mass, which becomes gummy on exposure to the air, and dissolves in a 
very small quantity of water. (A. Vogel.) 

Tartrate of Thorina. — a. Neutral. —Remains in the form of 
white flakes, which dissolve hut slowly and partially in ammonia, when 
hydrate of thorina is treated with a qnantity of tartaric acid not suffi¬ 
cient to dissolve it.—Thorina-salts mixed with tartaric acid, arc not 
precipitated by ammonia. (Berzelius.) 

b. Acid. — Found in the solution obtained in the preparation of salt a. 
This solution has rather an acid than a rough taste ; is not precipitated 
by ammonia; and when evaporated yields crystals, which are resolved 
by alcohol into the salt a , and a soluble and still more acid salt h. 
(Berzelius.) 

TaHrale of Thorina and Potash. — Obtained by digesting hydrate of 
thorina with aqueous cream of tartar. Crystallizable, sparingly soluble, 
not precipitated by alkalis. (Berzelius.) 

Tartrate of Zirconia. — Tartrate of ammonia forms with zir- 
conia-salts, a precipitate which dissolves in potash and in excess of tar¬ 
taric acid, and is not precipitated from the latter solution, either by 
caustic alkalis or their carbonates. (Berzelius.) 

Titanic Tartrate. — Hydrochlorate of titanic oxide is precipitated 
by tartaric acid. The precipitate, which resembles titanic oxalate, 
yields, when ignited in a covered crucible, a black metallic powder, which, 
when heated in the air, slowly turns white. Acid solutions of titanic 
oxide which contain free tartaric acid, are not precipitated by ammonia, 
carbonate of ammonia, or potash; tincture of galls forms with these 
solutions a white precipitate, but the precipitation is incomplete, so that 
the liquid remains coloured. (H. Rose, Gilb. 73, 74; Pogg. 3, 1 Go.) 

According to Wollaston, tartaric acid dissolves hydrated tantalie oxide ; but 
according to Gahn, Berzelius & Eggertz, it does not. 

Potassio-tantalic Tartrate — A boiling solution of cream of tartar 
dissolves dry tantalie acid in a small quantity only, but the hydrated acid 
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so abundantly, that the solution, which is only partially precipitable by 
potash or carbonate of ammonia, solidifies on cooling. (Gahn, Berzelius, 
& Eggertz.) 

Molybdous Tartrate. — Like the oxalate. 

Fotassio-molybdoris Tartrate . — The solution of molybdic acid in 
aqueous cream of tartar is digested with zinc, whereby the molybdic acid 
is reduced to molybdic oxide; a little hydrochloric acid then added, and 
the digestion with zinc continued; the molybdic oxide is thereby reduced 
to molybdous oxide, which falls down in the form of a pulverulent double 
salt, to be washed upon the filter. This salt, when ignited in an open 
crucible, yields fused molybdate of potash. It dissolves sparingly in 
water, forming a purple solution; easily, and with dark purple colour, in 
aqueous ammonia, whence it is deposited on evaporation. (Berzelius, 
Fogg. 6, 379.) 

Molybdic Tartrate. — The aqueous solution dries up to a pale red 
gnmmy mass, which is very apt to assume a green and blue colour. 
With alkalis it forms, without precipitation, deep red solutions, which 
become colourless on exposure to the air. (Berzelius, Fogg. 6, 348.) 

Fotassio-molgbdic Tartrate .— a. Basic . — Cream of tartar forms with 
excess of hydrated molybdic oxide, a brown pulverulent salt, which 
dissolves sparingly in water, readily in alkalis. — b. Neutral. The solu¬ 
tion dries up to a yellow mass, which dissolves readily in water, forming 
a solution which yields a yellow precipitate with tincture of galls. 
(Berzelius.) 

Tartrate of Molybdic acid. — The colourless solution yields by evapo¬ 
ration a blue non-crystalline mass, which dissolves completely in water 
and alcohol. 

Tartrate of Molybdic acid and Fotash. — Of all solvents, a boiling 
aqueous solution of cream of tartar dissolves molybdic acid, even when 
ignited and sublimed, with the greatest facility. The solution dries up 
to a gummy mass. (Berzelius.) 

Vanadic Tartrate. — The beautiful medium blue solution dries up 
to a blue, translucent, fissured mass, which dissolves very slowly in cold 
water, more quickly in ammonia, forming a purple solution, the colour 
of which quickly disappears on exposure to the air, from formation of 
vanadic acid. (Berzelius.) 

Fotassio-vanadic Tartrate. — The blue solution of vanadic acid (which 
is thereby reduced to oxide), yields by evaporation with aqueous cream 
of tartar, a reddish blue extract, which becomes fissured; the same solu¬ 
tion forms with ammonia a purple mixture without precipitation. 
(Berzelius.) 

Tartrate of Vanadic acid. — The yellow solution of vanadic acid in 
aqueous tartaric acid, which, however, if it contains excess of tart aria 
acid) soon becomes green and afterwards blue, from formation of vanadic 
oxide. (Berzelius.) 
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Chromic Tartrate. — a 1 -dtf. Chromic oxide to 1 At. Tartaric acid. 
— Potassio-chromic tartrate is precipitated by neutral acetate of lead, 
the lead-salt suspended in water and decomposed by sulphuretted hydro¬ 
gen, and the solution filtered. (Kochlin, Bull, scienc. mathem. 1828, 132; 
Berlin, Berz. Lehrb.) The green filtrate leaves when evaporated, a 
green vitreous mass = Cr 2 0 3 ,C 8 H G 0 12 . (Berlin.) — Kochlin regards the salt as 
a C/tromotartaric acid , which he supposes to form green and violet salts with bases. 
But these salts are really, as affirmed by Berzelius \Pogg. 16, 100), double salts; and 
the fact of the so-called chromotartaric acid not being precipitated by alkalis proves 
nothing, seeing that so many bases are protected by the presence of tartaric acid from 
precipitation by alkalis. 

b. 2 At. Chromic oxide to 3 At. Tartaric acid. — The solution of 
hydrated chromic oxide in aqueous tartaric acid, is dark green by 
reflected, and violet-red by transmitted light; it reddens litmus slightly; 
is not decomposed by alkalis, and leaves a dark green saline crust when 
evaporated. (Brandenburg.) — The violet solution, which is not preci¬ 
pitated by alkalis, dries up to a violet mass containing 2 At. chromic 
oxide to 3 At. tartaric acid. (Berlin.) — By slowly evaporating the 
solutiou, violet-red octohedrons are obtained, which slowly effloresce, 
become nacreous and friable at a moderate heat, and dissolve readily in 
water. (Moser.) 

Ammonio-chromic Tartrate . — Amorphous. (Buchner.) 

JPotassio-chromic Tartrate. —Formed, with evolution of heat and car¬ 
bonic acid, on mixing tartaric acid with bichromate of potash. — In tins 
decomposition, not only are carbonic acid and water formed, hut like¬ 
wise formic and oxalic acids, which remain, together with the tartaric 
acid, in combination with the chromic acid and potash. Pure potassio- 
chromic tartrate is therefore not yet known. (Level, Compt. rend. 16 
862.) — The salt is not obtained by boiling hydrated chromic oxide with 
aqueous cream of tartar. (Berlin.) 

Fischer ( Kastn. Arch. 14, 169), mixes 1 pt. of a saturated aqueous 
solution of bichromate of potash with 2 pts. of a saturated solution of 
tartaric acid. The mixture quickly turns yellowish red, brown, greenish 
brown, and lastly violet; deposits cream of tartar on cooling, often mixed 
with brown oxide of chromium; and the filtrate, when evaporated at a 
gentle heat, leaves a violet, glassy, slightly transparent, amorphous mass, 
which dissolves slowly in cold, hut quickly and abundantly in hot water. 
■— Berlin adds to a hot aqueous solution of bichromate of potash, pul¬ 
verised tartaric acid in successive small portions, hut only so long as 
carbonic acid continues to escape, because a larger quantity of tartaric 
acid would tlnow down some of the potash in the form of acid tartrate;— 
and by evaporating the dark green solution, obtains a blackish green 
vitreous mass, which contains 1 At. potash, 1 At. chromic oxide, and 
1 At. tartaric acid; dissolves readily in water; and is procipated there¬ 
from by alcohol. On mixing the solution of this mass with a concen¬ 
trated solution of neutral tartrate of potash, it deposits dark green 
crystalline grains, containing 3 At. potash to 1 At. chromic oxide. 
(Berlin.) — According to Malaguti (Compt. rend. 16, 457; also J. pr. 
Chem. 29, 294), the salt obtained, with bichromate of potash and tartaric 
acid is: KO,Cr 2 O 3 ,C 8 H 4 O 10 -f-7Aq; lie does not, however, regard it as 
a double salt, but agrees with Kochlin in viewing it as chromotartrate of 
potash. — An aqueous solution of cream of tartar saturated with hydrated 



TARTARIC ACID. 


295 


chromic oxide yields a similar salt, which, however, when thrown on 
red-hot coals, gives off the same odour as other tartrates, which is not the 
case with chromotartrate of potash. (Malaguti.) 

Uranous Tartrate. — Tartaric acid forms with protochloride of 
uranium, a copious greyish green precipitate which is easy, to wash. 
The air-dried salt gives off 11‘76 per cent, of water at 100°. It dissolves 
in hydrochloric acid, and is precipitated therefrom by ammonia, unless 
an additional quantity of tartaric acid is added, in which case ammonia 
merely colours the solution brownish yellow. It dissolves sparingly in 
aqueous tartaric acid, forming a non-crystallisable liquid which is not 
precipitated by alkalis. (Rammelsberg, Fogg. 59, 31.) 


Dried at 100°. Rammelsberg. 

3 UQ. 204 .... 59*13 . 59*57 

8 C . 48 .... 13*91 . . .. 13*12 

4 H . 4 .. 1-16 ....... 1*08 

10 O . 80 .... 23*19 . 21*81 

HO. 9 .... 2*61 . 3*76 


UO,C s H 4 U 2 O^HO .... 345 . . 100*00 . 99*34 


Uranic Tartrate. — An aqueous mixture of chloride of uranous 
oxide and neutral tartrate of potash deposits very small, pale-yellow, 
sparingly soluble crystals. (V. Rose, Richter.) The yellow solution of 
pure uranic oxide in aqueous tartaric acid yields: (a) by warm evapo¬ 
ration, crystals with a smaller amount of water; and (b) by spontaneous 
evaporation, crystals with a larger amount. The latter give off in 
vacuo or at 150° in a current of dry air, 10*3 p. c. (6 At.) water, whereby 
they are converted into salt a , which suffers no further loss at 200 . 
(Peligot, iY. Ann . Ghim. Fhys. 12, 403; also J. pr. Ghent. 35, 153.) 


Salt a. 

2 U 2 0 3 . 

8 C . 

6 H. 

12 O. 

... 288 . 
.. 48 . 

.. 6 . 
.. 96 . 

... 65*76 ... 

... 10*95 ... 

... 1*37 .. 

. 21*92 . 

Peligot. 
.... 65*30 

. 10*85 

. 1*45 

22*40 

2U-0 3 j C s H 6 0 e . 

.. 438 . 

... 100*00 ... 

. 100*00 

Salt b . 

2 U 2 Q 3 . 

.. 288 . 

... 58*54 ... 

Peligot. 
. 58*60 

8 C . 

.. 48 . 

. . 9*76 ... 

. ... 9*86 

12 H. 

.. 12 . 

... 2*44 .. 

. 2*38 

18 O . 

. 144 

29*26 

. . 29*16 

2U 2 0 3 ,C s Ii 6 0 12 + GAq... 

.. 492 . 

.. 100*00 ... 

.. . 100*00 


Uranic salts are precipitated by alkalis, even after addition of tartaric 
acid. (H. Rose.) 

Potassio-ura 7 ious Tartrate. — 1. Uranous tartrate while still moist 
is dissolved in a warm concentrated solution of neutral tartrate of potash, 
the dark brown solution left to evaporate spontaneously, then decanted 
from the crystallised acid tartrate of potash, and completely dried. — 
2. Recently precipitated hydrated uranous oxide is boiled with cream of 
tartar and water, and the rest of the process conducted as above ; — 
Black, shining, amorphous mass, which, after drying over oil of vitriol. 
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contains 13*15 p. c. KO and 48*52 UO, and -whose aqueous solution is 
precipitated by potash hut not by ammonia or by alkaline carbonates, 
(Rammelsberg.) 

Manganous Tartrate. — A hot aqueous mixture of chloride of man¬ 
ganese and neutral tartrate of potash, first deposits cream of tartar, and 
afterwards, on cooling, manganous tartrate in small white crystals which 
are resolved by water into a soluble acid and an insoluble basic salt. 
(Pfaff, Sclav. 4, 377.) 

Manganic Tartrate. — A cold concentrated solution of tartaric 
acid forms with manganose-manganic oxide, a brown solution which is 
decomposed by evaporation, and when supersaturated with potash 
remains brown without yielding any deposit. (Fromherz, Sclav. 44, 338.) 

Potassio-manc/anons Tartrate . — Obtained by dissolving carbonate of 
manganese in aqueous cream of tartar. The salt crystallises -with 
difficulty, is very soluble, and is not precipitated by pure alkalis or 
alkaline carbonates. (Scheele.) — Peroxide of manganese forms with 
cream of tartar, at ordinary temperatures, a brown solution, which is 
decolorised and emits carbonic acid when heated. (Scheele.) 

Manganous salts mixed with tartaric acid are not precipitated by 
alkalis or alkaline carbonates. (H. Pose.) 

Tartrate of Arsenious acid ? — The solution of arsenious acid in 
tartaric acid yields prisms by evaporation. (Bergmann.) 

Tartrate of Arsenious acid and Ammonia . -—Obtained by adding 
arsenious acid to a boiling aqueous solution of acid tartrate of ammonia 
as long as it dissolves. Arsenious acid crystallises out first from the 
filtrate, and afterwards the double salt in beautiful crystals. (Mits- 
cherlich, Lehrb.) — The boiling must be continued for a long time, so 
that a sufficient quantity of arsenious acid may be dissolved. The liquid, 
when evaporated, yields at first a considerable succession of crusts of acid 
tartrate of ammonia with but little arsenious acid, but afterwards, when 
very highly concentrated, large glassy crystals of the double salt, which 
quickly effloresce, and, at 100° to 105°, give off 4*67 per cent, of water 
together with a little ammonia. The aqueous solution of 100 pts. of the 
fresh crystals yields with sulphuretted hydrogen, 48*17 pts. of sulphide 
of arsenic and 63*12 pts. of acid tartrate of ammonia. (Werther, X pr. 
Chem . 32, 400.) 

Crystals. Werther. 

AsO 3 . 99 . 37*22 37*54 

C s H 5 (NH 4 )0 12 . 167 .... 62*78 63*12 

C 8 H 4 (NH 4 )(As0-)0 12 + Aq. 266 .... 100*00 100*00 

Therefore as Mitscherlich gives it. 

Tartrate of Arsenious acid and Potash and Tartrate of Arsenious acid 
and Soda are obtained in a similar manner but do not crystallise so well. 
(Mitscherlich.) 

Tartrate of Arsenic acid and Potash . — The hot solution of 1 pt. 
arsenic acid in 6 pts. of water is saturated with finely pulverised cream 
of tartar; the liquid being well stirred; the filtrate, which still con¬ 
tains free arsenic acid, either left to crystallise by cooling, or better, 
precipitated by alcohol; and the resulting powder, which is sometimes 
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amorphous, sometimes crystalline, quickly washed with alcohol, and 
dried in the^air. It is: KO,AsO 5 ,C 8 H 4 O i0 + 5Aq.— It gives off 5 At. 
water at 130°, and turns brown at a higher temperature, emitting the 
odour of burnt sugar and of alkarsin. It dissolves very readily in 
water; but the solution soon deposits cream of tartar, and yields free 
arsenic acid. An excess of arsenic acid prevents this separation of 
cream of tartar, and from such a mixture the undecomposed double salt 
may always be precipitated by alcohol. (Pelouze, N. Ann. Chim. Phy&. 
6, 63; also Ann. Pharm . 44, 100; also J.. pr. Ghem. 28, 18.) 

Antimonic Tartrate. — a. Neutral. — By precipitating a solution 
of antimonic oxide in aqueous tartaric acid with alcohol, a white granular 
precipitate is obtained, insoluble in water, but dissolving readily in 
neutral tartrate of potash, with formation of tartar-emetic. The com¬ 
position of this precipitate is Sb0 3 ,C 4 H 2 0 5 ,H0, [therefore = 2Sb0 3 , 
C 8 H c 0 12 = C ? H 4 (Sb0 2 ) 2 0 12 + 2Aq]. At 100°, it gives off 1 At. water 
[or according to the other formula 2 At., so that C s H 4 (SL0 2 ) 2 0 12 , remains]. 
But this residue, when immersed in water, is reconverted into the original 
salt. The thoroughly dried salt decomposed with sulphuretted hydrogen 
and alcohol, yields no other acid than tartaric acid, that acid being 
regenerated by the water formed from the oxygen of the antimonic 
oxide and the hydrogen of the hydrosulphuric acid [Or: C 8 H 2 Sb 2 0 14 
+ 6HS = 2SbS 3 + C s H 6 0 12 4-2H0], (Berzelius, Pogg. 47, 315, and 
Lehrb.) 

b. Acid. — Obtained by precipitating the aqueous solution of the 
following salt with [perhaps a smaller quantity of ?] alcohol. (Peligot.) — 
This salt is probably identical with that which Soubeiran or Capitaine 
(J. Pharm. 25, 742) obtained by precipitating the solution of antimonic 
oxide in tartaric acid with alcohol, after evaporating to a syrup, and 
respecting which they state that the amount of antimony in it is 
variable, and that, after drying at 100°, it suffers a further loss at 210°. 


SbO 3 .. 

Dried at 160°. 
. 153 . 

.. 53*69 

Peligot. 

8 C . 

. 48 .. 

.. 16*84 ... 

. 16*47 

4 H. 

. 4 .. 

.. 1*40 .. , 

. 1*38 

10 O. 

. 80 . 

28*07 



SbO 3 5 C a H 4 O 10 [?] . 285 ... 100*00 


c. Hyperacid .— The solution of antimonic oxide in aqueous tartaric 
acid evaporated to a syrup, yields after a wdiile, large transparent 
crystals. (Peligot, A r . Ann. Chim. Phys. 20, 289; also J\ pr . Chem. 41, 
381.) This solution crystallizes indistinctly (Bergman); deposits a white 
powder, which after washing with alcohol dissolves in water and reddens 
litmus (Soubeiran, J. Pharm. 10, 535); does not yield any crystals 
(Dulk). — The crystals obtained by Peligot belong to the right prismatic 
system. Fig. 68 without the p~ face, but with an n- face between u and t. 
u' : il = 133° 30'; u : t = 113° 15; n:t = 137; yit=z 90°; y ; y behind 
= 76°; i : t=z 115°; y:i=125°. (Prevostaye.) — The crystals deli¬ 
quesce in damp air, and dissolve very readily in water. (Peligot.) — 
The solution of antimonic oxide in tartaric acid is precipitated by 
sulphuric, hydrochloric, and nitric acid. (Schnaubert, Verwandtsch. 80.) 
— All antimony salts are protected, by addition of tartaric acid, from 
precipitation by water or alkalis. (H. Bose.) 
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Crystals . 

SbO 3 . 

153 . 

... 31*29 ... 

Peligot* 
. 31*50 

16 C. 

96 . 

... 10-63 ... 

.. . 18*95 

10 II . 

16 . 

... 3'27 ... 

... . 3*50 

28 0 . 

224 . 

.. 45*81 ... 

. 46*05 

C 3 H 5 (Sb0 : )0 12 ,C s H 6 0 12 + 5Aq.?.. 

.. 489 . 

... 100-00 ... 

. 100*00 


The crystals give off 23*1 p. c. (12 At.) water at 160°, and therefore 
leave SbO®, C 16 H 4 0 lt} . (Peligot.) The exact naturo of this residue must 
be decided by further investigations. The formula given by Gerbardt 
(H. J. Pharm. 12, 212) appears too artificial. 

Hydrated Ant-imonic acid dissolves readily in aqueous tartaric acid. 
(J. A. Buchner, Repert. 66, 171.) 

Ammonio-antimordc Tartrate. — Ammoniacal Tar tar-emetic. An aqueous 
solution of acid tartrate of ammonia is boiled with antimonie oxide, and 
the filtrate evaporated, till it forms, on cooling, a stiff jelly, in which 
regular crystals gradually appear. (L. A. Buchner, Repert. 78, 320. On 
attempting to take these crystals out of the jelly, it again becomes thin 
and mobile from the effect of the agitation, and deposits a crystalline 
powder, having the same composition. (Buchner.) Berlin (Ann. Pharm. 
64, 358), leaves the concentrated solution to evaporate in the air at 
15° to 60° till it crystallizes. 

The transparent, colourless, shining crystals belong to the right 
prismatic system, and are isomorplious with ordinary tartar-emetic. 
(Kobell, Prevostaye.) Fig. 45. Let the face below a be denoted by e; 
the face below e does not occur in these crystals, p : a = 121° 39'; 
u : e = 165° 27' (167° according to Kobell); p : e = 107° 7'; p : u = 90°; 
a : a at the side = 101° 8' (103° 42' according to Kobell); (a : a [be¬ 
hind ?] = 108° 57' Kobell); u : u ! = 83° 29'; a above : a below =116° 42' 
(116° 9', Kobell). The faces x are subordinate; the faces a are alter¬ 
nately absent; and by this hemikedry the crystals become tetrahedral; 
the #-faces also are sometimes half present. (Kobell, Prevostaye.) — 
When part of the solution of ammoniacal (or ordinary) tartar-emetic has 
crystallised in this form, the mother-liquor often yields still more efflo¬ 
rescent right rhombic prisms slightly truncated at the lateral edges 
(whose angles = 127° and 53°), and bevelled in opposite directions at 
the summits (angle of the bevelling edge = 85° 30'). Pasteur. [There¬ 
fore nearly the same as fig. 72, together with the m-face]. Those largo 
and very efflorescent prisms, formed by spontaneous evaporation, give off 
15*3 per cent. (5 At.) water at 100°. 

The ordinary crystals, when exposed to the air, give off water, and 
assume the appearance of porcelain, though less quickly than those of 
common potash-tartar-emetic: at 100°, they give off 5*41 p. c. water, and 
a little above 100°, they also evolve ammonia. (Buchner.) Heated to 
108° in a current of air, they give off water and ammonia. (Dumas & 
Piria.) They dissolve in water much more readily than those of potash 
tartar-emetic. (Buchner.) 



Crystals. 


Dumas & 

N .. .. 

. ... 14 . 

.. 4*37 .. 

. 4*G0 

SbO 3 .. . 

. 153 .. 

47*81 


8 C. 

. 48 .. 

.. 15*00 

. 15*20 

9 H .. 

. 9 .. 

.. 2*82 

. 2*95 

12 0 , . 

.96 

, 30*00 



C s H**(NH*)(Sb0 2 )0 12 + Aq.... 320 .... 100*00 



















TARTARIC ACID. 


299 


Or: 


NH 3 . 

. 17 .. 

.. 5*31 ... 

Buchner, 
. 5*00 

SbO 3 . 

. 133 .. 

.. 47*81 ... 

. 45*60 

C 8 H s O u . 

. 141 .. 

.. 44*07 


HO . 

. 9 . 

.. 2*81 .. 

. 5*41 


C 8 H 4 (NH 4 )(Sb0 2 )O 13 + Aq ... 320 .... 100*00 


Potassio-antimonic Tartrate. — a. Basic ? — a . Boiling aqueous tartar- 
emetic dissolves antimonic oxide, and on cooling yields needles wliicli are 
decomposed by water into tartar-emetic and a residue of tartrate of 
antimony. (Bucholz.) This statement is contradicted by Soubeiran & 
Capitaine (J. P\arm. 25, 745) according to whom, 3 88*2 pts. (1 At.) 
cream of tartar boiled for 40 hours with 295 pts. (nearly 2 At.) antimonic 
oxide and with water, dissolve only half the oxide, forming with it 
ordinary tartar-emetic. — /3. An aqueous solution of neutral tartrate of 
potash dissolves antimonic oxide (Bergman), which is then not pre¬ 
cipitated by alkalis. (Thenard.) 

b. Neutral. — - Ordinary Tartar-emetic , gewohnlicher BrecJiweinstem, Spies#- 
glanzweinstein , Tartarus emeticus , Tartarus stibiatics. — 3 pts. of antimonic oxide 
are digested with 4 pts. of cream of tartar and with water; the solution 
filtered hot; the crystals which are obtained by repeatedly evaporating and 
cooling the filtrate, pulverised and dissolved in 15 times their weight 
of cold water; and the solution again filtered and evaporated to the crys¬ 
tallising point. 

The pi’eparation is made (1) with pure antimonic oxide obtained by 
methods—6 (iv, 324, 325); — Or (2) with crocus antimonii or vitrum 
antimomi , containing sulphide of antimony (iv, 359, 360), in quantity 
equal to that of the cream of tartar (the sulphide of antimony then 
remains undissolved); in the latter case, the tartar emetic obtained has a 
yellow colour, arising from potassio-ferric tartrate, and the mother-liquor 
becomes gelatinous from the presence of silica; the solution obtained with 
oxide of antimony containing sulphide yields a yellow mother-liquor 
containing sulphur in the form of kermes [or of hyposulphite of potashf| 
(Fischer, Kasln. Arch. 9, 352); — Or (3) with basic sulphate, hydro¬ 
chlorate, or nitrate of antimonic oxide (the first to be obtained by heating 

2 pts. of antimony with 3 pts, of oil of vitriol, — or more cheaply, though 
contaminated with sulphur, by boiling down to dryness a mixture of 

3 pts. sulphide of antimony, 2 pts. nitre, 2 pts. oil of vitriol, and 24 pts. 
w r ater, and washing out with water, — and then to be digested while still 
moist with 3 pts. of cream of tartar). When these basic antimony salts 
are acted upon by cream of tartar, the mineral acids are separated from 
the antimonic oxide, and remain in the mother-liquor, partly combined 
with the potash of the cream of tartar in the form of acid salts, and 
together with free tartaric acid. As the free acids retard the crystal¬ 
lisation, the mother-liquor separated from the first crystals must be 
partly neutralised with carbonate of lime, before it is evaporated to 
obtain a second crop of crystals; this free acid, however, holds in 
solution all the iron which frequently occurs in sulphide of antimony, 
and causes the tartar-emetic to crystallize out whiter; hence also whiter 
crystals are obtained by the other modes of preparation if a little hydro¬ 
chloric acid be added to the liquid. 

The cream of tartar and antimonic oxide are; either treated at first 
with only sufficient water to form a pulpy mass, and this mixture, after 
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from 2 to 4 Lours’ digestion, and when it is no longer sandy, boiled for a 
quarter of an hour with a larger quantity of water; or the materials aro 
boiled at once with 10 to 20 pts. of water, till the whole of the tartar- 
emetic and the greater part of the antinionic oxide are dissolved. The 
vessels may be of porcelain, glass, antimony, silver, platinum, or for quick 
preparation, of copper, or cast-iron. — When pure antinionic oxide and 
pure cream of tartar are used, the mother-liquor yields tartar-emetic to 
the last drop, but when the impure ingredients are used, the impurities 
remain in the last uncrystallisable portion of the mother-liquor. (Phillips.) 
— There often remains a mother-liquor which dries up to a gummy mass, 
and [especially perhaps when basic sulphate, hydrochlorate, or nitrate of 
antimony is used], consists principally of acid potassio-antimonic tartrate 
(p. 305). (Knapp.) — The resulting crystals of tartar-emetic are free 
from arsenic, even if the antinionic oxide used in the preparation contained 
arsenic (Serullas, Chevallier, J. Chim. med. 22, 71); hut they may be 
contaminated with cream of tartar, tartrate of lime, oxide of iron, silica, 
and the basic potassio-antimonic tartrate or, a; hence the necessity of 
redissolving them in 15 pts. of cold water, filtering and crystallising 
(Bucholz); comp. Moncli {Crell. Chem. J. 2, 73.) Demachy (< Or ell. Chem. 
J. 4,184.) Lassone {Crell. Chem. J. 5, 166.) — Bergman (Ojjusc. 1 , 338.) 
Bucholz {A. Tr. 9, 2, 25; Tascherb. 1806, 1 and 209; 1811, 126.) 
Soubeiran ( J. Pltarm . 10, 524.) N. E. Henry (J. Chun. med. 1 , 521; 
2,1.) Phillips {Ann, Phil 25, 372.) Herrmann {Jahrb. pr. Pharm. 
7, 148.) 

a. Dried at 200°. The crystals of tartar-emetic give off 2*1 p. c. 
(1 At.) water at 100°, and at a higher temperature (before decomposition 
begins), 7*38 p. c. (3 At.) in all. (Phillips.) Tartar-emetic dried at 100° 
in a glass tube which is continually turned round over a feeble alcohol- 
flame, can support a heat of 300° without browning, and gives off from 
5*1 to 6*5 per cent, of water. (Liebig, Ann. Pharm. 26, J32.) The finely 
pulverised crystals heated in the oil-bath in a current of air, turn brown 
between 235° and 240°, emitting an odour of burnt sugar; but between 
200° and 220°, they give off in 12 hours without any colouring, from 7*6 
to 7*7 p. c. water. (Dumas & Piria.j The crystals heated somewhat above 
100° in a current of dry air, give off 2*63 p. c. (1 At.) water; between 
160° and 180° (and in a longer time even at 130°), 5*26 p. c. (2 At.) in 
all; and at 200° 220°, 7*71 p. c. (3 At.) in all. (Berlin.) 

Dried at 200°. Liebig. 


KO. 

.... 47-2 

.... 15*02 

w 

SbO 3 . 

. 153*0 

.... 48*69 


SC. 

.. .. 48*0 

.... 15*28 . .. 

. . 15*54 

2 H. 

. .. 2*0 

.... 0*64 .... 

... 0*67 

8 O. 

. .. 64*0 

.... 20*37 


C 8 H 2 K(SbG 2 )O 10 .. 

. 314*2 

.... 100*00 



The salt dried at 200° may be regarded as tartaric anhydride 
(C 8 H 4 0 8 ,0 2 ), (or, as Laurent & Gerhardt prefer, as the isomeric com¬ 
pound, tartrelic acidb in which 1H is replaced by K and 1H bv SbO 2 
= C 8 H 2 K(Sb0 2 )0 8 ,0 2 ,— Gerhardt (N. J. Pharm. 12, 214,) supposes 
that, in this compound, an ordinary atom of Sb splits up into 3 At. 
Sba, whence he derives the formula C 8 H 2 KSb«. 3 ,0 12 . — Peligot, (W. Ann . 
Chim. Phys. 12, and J. pr. Chem. 35, 162,) supposes tartaric acid itself 
to be C 8 H 4 0 10 , and writes C 8 H 2 K(Sb0 2 )0 10 , but is thereby obliged to 
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assume tliat the ordinary tartrates, even when ever so thoroughly dried, 
still contain 2 At. water of crystallisation. — According to the radical 
theory, Liebig and Dumas <fe Piria write the formula of the salt, KO, 
Sb0®‘C 8 II 3 0 8 ; and Berzelius writes it, K0,CT“I0 4 + Sb0 8 ,0*H0 4 . The 
latter endeavoured to isolato this peculiar acid, OHO 4 , by decomposing 
the salt suspended in hot absolute alcohol with sulphuretted hydrogen. 
The decomposition took place slowly, yielding sulphide of antimony and 
a largo quantity of reproduced cream of tartar, while in the alcoholic 
solution, there remained a very small quantity of the potash-salt of a 
peculiar acid, which, after evaporating the alcohol, dissolving the residue 
in water, filtering from sulphide of antimony, and evaporating, remained 
as an opaque gum, which reddened litmus, (or in crystals by spontaneous 
evaporation,) burnt without any odour of burnt sugar, and from whoso 
aqueous solution ac : ds did not throw down cream of tartar, [tartralic or 
tartrelic acid ?] (Berzelius, J. pr. Chou. 14, 350; Pogg. 4?, 315; Lekrb.) 
When tartar-emetic, dried between 200 ° and 220 °, is dissolved in water 
and decomposed by sulphuretted hydrogen, a filtrate is obtained, which, 
after neutralization with ammonia, behaves with lime-salts like meta¬ 
tartrate of ammonia, but after standing for 24 hours, like tho tartrate. 
(Laurent Gcrhardt.) 

ft. Dried al 100 °. The fresh crystals, dried at 100 °, retain their form, 
but turn white and opaque, giving off 2T p. c. water (Phillips); 2-30, 
and at 108°, 2*73 in all (Dumas A Piria); L75, and somewhat above 
100 °, 2*63. (Berlin.) 


Plied al 100°. 
ICO . 

. 47*2 . 

14*21 

Liebig. Dumas & Piria. 

SbO ; > . 

, 155-0 . 

... 48*03 


8C. 

‘18*0 . 

... 1 1*45 

.... 11*78 

4 H. 

4*0 . 

... 1*20 ... 

. 1*18 .... 1*24 

10 0. 

80*0 . 

... 24*08 


C s lI 4 K(Sb0 2 )0 12 . 

332*2 

100*00 



According to Peligot, OTPfSbO^O 1 -, or, as likewise established by Dumas & Piria, 
KO,SbO*,CTl 3 0« + 2HO; according to Liebig, KO,SbO n ,OH*W 

7 . Cn/4allised Tartdr-metic forms transparent, colourless (sometimes 
partially opaque), shining rhombic octohedrons, isoinorphous with 
ammonio-antimonio tartrate, and tetrahedrons produced by hmnihodry* 
I'd). 45. Let tho first pair of faces below a bo denoted by e, and the second 
by i; p : a = 122"; a:<> = 166° 40'; a : i ri 165° 40'; p : w = 90 ’; 
a : a at tho side = 108° 16 ; ; a : a behind = 104° 1 :V (103' 3', Bcnihardi). 
Tho faces v and i arc generally striated an<l indistinct; only one direction 
of cleavage, parallel to p. (Jirooke, Ann. .Phil. 22 , 40.) u :wr= 93 ' 2 (K 
band 86 ° 40'. (Sorct, Tnschenb. 1823, 136; comp. Bernhardi, N. U r /\ 
7, 2 , 58; and Provostaye.) — Tartar-emetic has a metallic taste, acts as an 
emetic, and in larger quantities, as a poison. 



Crystals. 


Dumas & Piria. 

Thomson. 

KO. 

47*2 ... 

13*83 



SbO 3 . 

153*0 ... 

44*8 i 


. 42*02 

8 C. 

4K-0 ... 

11*07 

. 14*34 


5 11. 

5*0 ... 

1-17 

. 1*50 


11 0 . 

88*0 .. 

25-71) 



C 8 Il 4 K(Sb0 2 )0 12 + Aq. 

341*2 . . 

100*00 
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Or: 







KO. 

Crystals. 

.'. 47*2 


13-83 . 

Phillips. 

Wallquist. 

Dulk. 

13*64 

SbO 3 . 

. 153*0 


44-84 . 

43-35 .... 

42-99 .... 

43-08 

C 8 il 4 0 lf) . 

. 132*0 


38-69 




no . . 

. 9-0 


2*64 . 

2*10 .... 

5-14 .... 

5-90 

C s H'K(Sb0 2 )0 : 

L2 + Aq, ... 341*2 

. 100-00 




KO . 

Crystals. 

. 47*2 .... 

13*83 

Brandes & Ricliard- 
Wardenburg. son. 

... 13*64 ... 12-80 

Gobel. 

.... 9-80 

Thdn. 

.... 16 

SbO 3 . 

. 153*0 .... 

44-84 

... 43'IC 

... 45-92 

.... 42-60 

... 38 

C a H 4 O w . 

.. . . 132-0 ... 

38*69 

.... 

.... 35-25 



HO . 

. 9*0 .... 

2-04 

.... 2-00 

.... 4*84 

.... 3-75 

.... 8 


C s H 4 K(Sb0 2 )0 12 + Aq. 341-2 . 100*00 98-81 


For Drapier’s analyses, see Ann. gen&r. 1819; also Schw. 30, 406.—In. the 
analyses by Phillips and by Brandes & Wardenburg (Ann. Pharm. 2, 71), the per¬ 
centages of water are given which the crystals lose at 100°; in the analyses by Wall- 
quist, Dulk, Gbbel ( Schw . 37, 73) and Thenard, there is no statement as to the 
temperature at which the water was determined, but to judge from the quantity, it must 
have been considerably above 100°, so that the salt /3 would be partially converted 
into the salt a. Richaidson (Records of Gen. Sc. 1836) dried his salt at 201°. The 
rest of his analysis is based upon the fact that 100 pts. of the crystals decomposed 
in aqueous solution by hydrosulphuric acid, yielded 53*2 pts. of sulphide of antimony 
and 39*92 cream of tartar. — Wallquist supposes half the antimouic oxide to be combined 
with half the potash, and accordingly gives the formula: K0,C 4 H 2 0 5 + Sb0 :i ,3C 4 H 2 0 5 
+ KO,SbO J -f 2Aq. 

The crystals gradually become opaque -when heated in the air, giving 
off, according to Braudes & Wardenburg, 0*5 p. c. water, "whereas opaque 
crystals, which generally contain less water, do not suffer any diminution 
in weight. — They decrepitate in the fire, burn away with an antimonial 
fume, and leave charcoal mixed with grains of antimony (Bergman), 
and when ignited in close vessels, leave a highly inflammable pyrophoric 
mass. (Serullus.) 

Iodine added to an aqueous solution of tartar-emetic, forms a preci¬ 
pitate of oxyiodide of antimony, SbI 3 ,5Sb0 3 .— From the hot solution of 
100 pts. tartar-emetic in 1000 pts. water, 34 pts of iodine throw down 
golden-yellow spangles as the liquid cools, and 50 pts. of iodine form an 
orange-yellow precipitate (which redissolves with brown colour on the 
addition of more iodine); the colourless, strongly acid filtrate precipitates 
metallic salts in the ^manner of hydriodic acid or iodide of potassium. 
Alcohol added to this filtrate throws down a curdy powder, which dis¬ 
solves in water, forming an uncrystal]izahle acid syrup, whilst iodide of 
potassium remains in solution. Iodine alone does not precipitate neutral 
acetate of lead or corrosive sublimate; hut in presence of tartar-emetic, 
it throws down iodide of lead or iodide of mercury. (Preuss, Ann. Ifiarm. 
29, 214.) — The golden-yellow spangles may likewise be obtained by- 
dropping alcoholic. iodine into the saturated solution of tartar-emetic in 
aqueous tartaric acid, so long as it does not produce any permanent brown 
colour; or by triturating 2 pts. of tartar-emetic with 1 pt. of iodine and 
a small quantity of cold water to a pulp, and heating it gently till the 
iodine dissolves; sometimes a brown-red compound [ShPIJ is formed at 
the same time. The brown acid liquid filtered from tho spangles, leaves, 
when evaporated, a black residue, which dissolves in water without 
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colour, and with separation of golden-yellow spangles. The resulting 
solution contains about 1 At. antimony to 2 At. potassium and 2 At. 
iodine; alcohol precipitates from it a white salt free from iodine, and 
containing antimony, together with 12*37' p. c. potash, probably, there¬ 
fore, tartar-emetic. Iodine, therefore, throws down from tartar-ometie 
only a portion of the antimony, that, namely, which, according to Wall- 
quist’s formula, is in combination with the potash. (Stein, J. pr. Chew . 
30, 48.) [But even if only the portion of antiinonie oxide combined 
with tlio potash were removed, the liquor could no longer yield a proci- 
pitate of tartax-einetic on addition of alcohol. Part of the tartaric acid 
must necessarily be altered by oxidation during this reaction.] 

Of the heavy metals, iron is the only one which precipitates antimony 
completely from the aqueous solution of tartar-emetic. (Wallquist.) — 
Sulphuretted hydrogen decomposes it immediately, yielding kermes and 
tartar-emetic. In very dilute solutions, sulphuretted hydrogen produces 
only a red colouring, which passes into precipitation on addition of cream 
of tartar or mineral acids. (PfafF, Geiger.) A solution of tartar-emetic 
in 4608 pts. water, assumes only an orange-yellow colour when treated 
with sulphuretted hydrogen, but deposits kermes on boiling. (Turner.) 

Sulphuric, nitric, or hydrochloric acid, added to an aqueous solution 
of tartar-emetic (not containing free tartaric acid: Smtbeiran), throws 
down, not cream of tartar, but a basic sulphate, nitrate, or hydrochloruto 
of antimonic oxide, soluble in excess of hydrochloric acid or in tartaric 
acid. (Geiger, Mag. Phavm . 7, 258.) According to Turner, the preci¬ 
pitate likewise redissolves in excess of sulphuric acid, but according to 
Geiger & H. Rose, it docs not dissolve. According to Bulk, the preci¬ 
pitate consists of basic tartrate of antimonic oxide with a little of the 
mineral acid ['?]. —The precipitation of tho antimony by these three 
acids is seldom complete; and this circumstance is often looked upon as 
favourable to Wallquist’s formula, according to which half tho antimony 
in the salt is combined with potash, and tho other half with tartaric 
acid. According to this view, mineral acids should precipitate only tho 
atom of antimony which is combined with tho potash, and alkalis only 
that which is in combination with tho tartaric acid. But with a duo 
proportion of mineral acid, considerably moro than half, often indeed 
nearly all the antimony is precipitated. Prom a dilute solution of 100 pis. 
of tartar-emetic, nitric acid throws down a basic salt containing 41*2 pts., 
that is to say, nearly tho whole of tho antimonic oxide; in a saturated 
solution, nitric acid forms a slighter precipitate, which continually in¬ 
creases when heated or simply left to stand; hence the filtrate yields 
by evaporation a new precipitate; and tho liquid contains, besides a little 
imdecomposcd tartar emetic, acid tartrate ot potash, which, on boating 
tho liquid, is resolved, for the most part, into nitre and tartaric acid. 
(Schweizcr, J. pr. Ghem . 33, 470.) 

Tartaric added added to tartar* emetic throws down cream of tartar. 
(Geiger); oxalic acid forms a slight precipitate, insoluble in excess of tho 
acid. (H. Rose.) — Acetic acid does not form any precipitate with tartar- 
emetic, according to Geiger and Schweinonberg (Mag* l 3 harm. 15, 258), 
but according to N. E. Henry, a precipitate of cream of tartar is formed 
after 24 hours. 

Ammonia, potash, soda, and their compounds with carbonic acid, 
precipitate the antimonic oxide in white flakes which become minutely 
crystalline. Ammonia renders the dilute solution very slightly turbid, 
and throws down from the concentrated solution, fine grains which dissolve 
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"but partially in excess of ammonia (or ; according to H. Rose, not at all). 
Ammonia renders the solution of tartar-emetic turbid in a few minutes 
(immediately if heated), and throws down white flocculent anthnonic 
oxide, tho quantity of -which gradually increases; a considerable portion 
however remains dissolved, unless the ammonia be allowed to act in 
excess for several days. In this case, 43'35 per cent, (that is to say, tho 
whole, within 1 p. c.) of the antimonic oxide is precipitated from the 
tartar-emetic; and the filtrate contains, besides a very small quantity of 
undecomposed tartar-emetic, tartrate of potash and ammonia, which, on 
evaporation, is partially converted into cream of tartar, with evolution of 
ammonia. (Scliweizer.)— Potash does not precipitate tho more dilute 
solution; hut from the more concentrated solution, it throws down an 
abundance of white flakes completely soluble in excess of the potash. — 
Carbonate of ammonia has no action on the solution of tartar-emetic; 
carbonate of potash produces a cloud, by precipitating the oxide, even in 
a solution containing only 1 pt. of tartar-emetic to 1152 water. — Lime- 
water does not cloud a solution diluted to that extent, but in a solution 
containing 1 pt. of tartar-emetic to 5^6 water, it forms a cloud consisting 
of tartrate of lime combined with tartrate of antimony. All these pre¬ 
cipitates formed by alkalis arc soluble in tartaric acid (Turner, Edinb . 
Med . and Surg. J. Nr. 92, 71; also Kashi. Arch. 11, 377.) — Carbonate 
of ammonia and carbonate of soda likewise gradually form precipitates 
insoluble in excess; but the precipitation by these reagents, as well as by 
carbonate of potash, is very incomplete. (II. Rose.) — While the solution 
of tartar-emetic in pure water is not altered, even by boiling, the solution 
in spring-water, which contains carbonate of lime and carbonate of 
magnesia, forms at 15° in the course of 12 hours, a precipitate of puro 
antimonic oxide, and on boiling, a more copious precipitate containing a 
larger quantity of antimonic oxide, together with the carbonates of lime 
and magnesia. If the spring-water be boiled, previous to adding tho 
tartar-emetic, till the whole of the carbonates of lime and magnesia arc 
precipitated, the solution will no longer be subject to decomposition. 
(Gueranger, J. Chim. mid. 4, 368 and 412.) 

Tartar-emetic added to an aqueous solution of corrosive sublimate 
forms a precipitate of calomel. — This precipitate is, however, mixed 
with a small quantity of mercurous tartrate; the solution contains anti- 
monious acid. {Orfila , J, Chim. mid. 8, 202.) — When the bodies are 
dissolved in equal numbers of atoms, and each in 20 pts. of water, tho 
mixture deposits on cooling only the fifth part of the corrosive sublimate 
in the form of calomel; but on boiling the mixture in a retort, — which 
does not cause any acid to distil over, — nearly all the mercury is pre¬ 
cipitated in the form of calomel; the liquid filtered therefrom deposits 
about f of the tartar-emetic in crystals, on evaporation and cooling; 
and the mother-liquor dries up to a yellowish white, translucent gum. 
(Braudes, Ann. Tharm. 11, 88.) 

Infusion of galls precipitates a somewhat concentrated solution of 
tartar-emetic in thick yellowish white flakes, and forms a cloud in a 
solution containing 288 pts. of water, but not in one which contains 576 
pts. (Turner.) — If a little nitric acid be added, the precipitation takes 
place, even with more dilute solutions. (Gueranger, J. Chim. mad. 
1 , 371.) — An excess of tincture of galls redissolves the precipitate. 
(Orfila.) 

Tartar-emetic dissolves in 14*5 pts. of cold and in 1*9 pts. of boiling 
water. (Bucli olz.) It dissolves in 19 pR at 8*7°, in 12*6 at 21°, in 
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8*2 at 31°, in 7*1 at 37*5°, in 5*5 at 50°, in 4*8 at 62*5°, in 3*2 at 7*5°, In 
8 at 87*5°, and in 2*8 pts. at 100°. (Branded) The aqueous solution 
yields a pulverulent precipitate with alcohol. 

c. Acid. — Acid Tar tar-emetic. — The solution of tartar-emetic in 
boiling aqueous tartaric acid is evaporated to a syrup, and thou slowly 
cooled till it crystallizes, an effect which takes place readily, (Knapp.) — 
This salt occurs in the mother-liquor of tartar-emetic. When antimonic 
sulphate obtained by heating antimony with sulphuric acid is freed from 
sulphuric acid by treatment with water and carbonate of potash, the 
oxide dissolved in aqueous cream of tartar, and the ordinary tartar- 
emetic crystallized as completely as possible from the solution by evapo¬ 
ration and cooling, a very acid mother-liquor is obtained, which, when 
evaporated to dryness, amounts to ^ to -f of the crystals of tartar-emetic. 
The residue in the dry state is a transparent, yellow-brown gum, and 
forms with water a thick syrup, which is decomposed by alcohol into a 
precipitate of ordinary tartar-emetic and a solution of tartaric acid — is 
completely converted into common tartar-emetic by saturation, first with 
antimonic oxide, and subsequently with potash — and, on account of 
accidental impurities, does not yield tho crystals of the acid salt above 
described till after standing for several months, and sometimes not even 
then. (Knapp.) — [If Phillips’s statement (p. 300), that the solution of 
antimonic oxide in pure cream of tartar crystallizes to tho last drop as 
ordinary cream of tartar, be admitted as correct — and it is fully homo 
out by the composition of the salt — wo cannot help suspecting that 
Knapp’s antimonic oxide had not been completely freed from sulphuric 
acid; that this acid set free tho tartaric acid from a portion of tho cream 
of tartar, forming hisulphato of potash; and that the tartaric acid thus 
liberated, together with a portion of tho tartar-cmclic, formed tho acid salt 
of the mother-liquor: it is to be regretted that tliis mother-liquor was not 
examined by Knapp for sulphuric acid. The bisulphato of potash was 
probably the accidental impurity which interfered so much with tho 
crystallization]. (Vid. also Berzelius, Jahresber . 20, 173.) 

Transparent, colourless, oblique rhombic prisms, which effloresce in 
tho air, give off 9.22 p. c. (5 At.) water at 100°, assuming at tho samo 
time the appearance of porcelain, and at a higher temperature molt to 
a transparent gum. From their aqueous solution mixed with hydrochloric 
acid, iron throws down all the antimony; alcohol added to the aqueous 
solution precipitates ordinary tartar-cmotic, retaining tho free tartaric acid. 


Dried at 100°. 
KO. 

. <17*2 

.... 9*79 . 

Knapp. 

. 9*50 

Pel i got. 

SBO 3 . 

. 158*0 

.... 31*78 . 

. 32*10 . 

.. 31*0 

1G C ... 

. 90 *0 

.... 19*91 , 

...... 20*07 . 

.. 19*1 

10 II . 

10*0 

.... 2-07 . 

. 2*10 ., 

„ 2*7 

22 0 . 

. 176*0 

.... 3C-50 . 

. 35*63 


C«H 4 K(SbO-')0 12 + C s H«0 12 ... 

,. 482*2 

.... 100*00 .. 

. 100*00 



Therefore 1 At. tartar-emetic dried at 100°, with 1 At. tartaric acid, 

d. Compound of 1 At. Tartar-emetic with 3 At. Cream of Tartar. — 
1 . Obtained by leaving a concentrated boiling solution of 1 At. tartar- 
emetic with 3 At. cream of tartar to crystallise by cooling. — 2. By dissolv¬ 
ing 1 At. neutral tartrate of potash, 1 At. cream of tartar, and 1 At. acid 
cream of tartar (c) in water. (Crystals of exactly similar character are obtained 
by using tartrate of potash and ammonia instead of neutral tartrate of potash.) — 
VOL. x, X 
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3 . By dividing tlio solution of acid cream of tartar c into two parts, 
precipitating the antimonie oxide from the one half by adding a quantity 
of carbonate of potash just sufficient for saturation, and mixing the 
filtrate 'which contains the neutral tartrate of potash with the oilier half. 
[The equation given by Knapp for this reaction does not appear to be correct; 
inasmuch as be supposes that only 2 At. (not 3 At.) potash are required to precipitate 
the antimony; tlio mixture will therefore contain 1 At. potash too much.] — 4. By 
dissolving 0 pts. of tartar emetic and 4 pts. of tartaric acid in water, 
leaving the free tartar-emeiic to crystallise out, then evaporating the 
motlier-liquor to a syrup, and leaving it to cool slowly. It then solidifies 
to a transparent, turpentine-like mass, which soon becomes turbid from 
formation of crystalline points; these increase till the whole is converted 
into a snow-white, crystalline mass, which is freed from the thick mother- 
liquor by elutriation with water, and washed on the filter with a small 
quantity of cold water. (Knapp.) 

Small nacreous laminso, which clo not give off water even when 
heated in vacuo, dissolve sparingly in water, and arc precipitated from 
the aqueous solution by alcohol. (Knapp.) 


4 KO... 

188*8 

.... 21*05 ... 

Knapp. 
.... 20*15 

SbO 3 . 

153*0 

.... 17*00 ... 

.... 17*20 

32 C. 

192*0 

.... 21*41 .. 

.... 22*07 

19 H. 

19*0 

.... 2*12 ... 

. 2*30 

43 0. 

344*0 

.... 38*36 . . 

. 38*28 

C s H 4 K(Sb0 2 )0 12 + 3C«H 5 K0 12 

896*8 

...100*00 ... 

. 100*00 


When carbonate of potash is dropped into the solution of this salt as 
long as effervescence is produced, and the liquid evaporated, needle- 
shaped crystals are obtained aggregated in nodules like Wavellite, and 
very easily soluble in water; from the solution thus obtained, tartaric 
acid reprecipitates the laminae of the original salt. [Possibly a compound 
of tartar-emetic with neutral tartrate of potash?] 

Ignited Antimonious acid does not dissolve in aqueous cream of 
tartar (Geiger & Reimann, Mag. Pharm. IT, 137); it dissolves very 
slowly and sparingly on boiling; but the hydrate dissolves more readily, 
and the clear filtrate coagulates on cooling, and leaves a fissured gum 
when evaporated. (H. Rose, Pogg. 47, 339; A. Rose, Pogg. 51, 170.) 

Hydrated Antimonie acid dissolves in an aqueous solution of 1-1 pi. 
of tartar-emetic (the ignited acid also, but much more slowly) forming a 
liquid which has a saline sweet taste, is not precipitated by hydrochloric 
acid, hut yields a light orange-yellow precipitate wi;li sulphuretted 
hydrogen in presence of hydrochloric acid, and leaves by evaporation a 
yellow gum, permanent in the air and easily soluble in water. (Geiger 
<& Reimann, Mag. Pharm. 17, 128), The solution, either of tlio dry or 
of the hydrated acid, passes turbid through the filter, and leaves a turbid 
gum when evaporated. (A. Rose.) — The compound is amorphous, and 
very soluble. (Mitscherlich, Ann. Chun. Phjs, 73, 396.) —3 pts. of bianti- 
moniate of potash likewise dissolve in 4 pts. of cream of tartar, forming 
a rather insipid, sweetish, saline liquid which yields a copious red-brown 
precipitate with sulphuretted hydrogen in the course of half an hour, 
and leaves a yellowish gum when evaporated. (Geiger, N. Tr. 3, 1, 460.) 
The solution of biantimomate of potash in tartaric acid is thickisb, 
passes slowly through the filter, forms with sulphuretted hydrogen a 
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yellow precipitate, turning yellowish red in a few hours, and leaves i 
viscid gum when evaporated. (J. A. Buchner, Revert. 66, 171.) 

By digesting 1 pt. of vitrum aniimonii (iv. 360), 1 pt. of boracic acid , and 2 pts 
of cream of tartar, then filtering and evaporating, a gum is obtained. (Bergman.) 

Sodio-antimonic* Tartrate. — Soda Tartar emetic . — The preparation b 
similar to that of ordinary tartar-emetic. Prisms belonging to the right 
prismatic system. Fig. 75, together with a y-faco, and also a rf-face at 
the back between n and n ; y : y behind = 85° 20'; y:m = 137° 20' 
nearly. (Prevostaye.) — The crystals heated to 220° in a dry stream oi 
air give off 8*4 p. c. water; they absorb moisture from the air, (Dumas 
& Piria.) 


NaO. 

Crystals . 
. 31*2 ... 

. 9*59 

Dumas & Piria. 

SbO 3 . 

. 153*0 

47*05 


8 C . 

. 48*0 

14*70 

. 14*3 

5 H . 

5*0 

1*54 

. 1*0 

11 O . 

. 88*0 

27*00 


C 3 H 4 Na(Sb0 J )0 12 + Aq. 

. 325*2 ... 

. 100*00 



Lithio-antimonic Tartrate. — Transparent jelly in which small prisms 
form after a considerable time. (L. A. Buchner.) 

Baryto-anlimonic Tartrate. — Tartar-emetic. (Wallquist.) Crystal¬ 
line lamitKB, which give off 8*21 p. c. water in a stream of dry air at 100°, 
(Dumas & Piria.) 


BaO . 

SbO 3 . 

8 C . 

2 H . 

8 O . 

Dried at 250°. 

. 76-6 .... 

. 153*0 .... 

. 48*0 .... 

. 2*0 .... 

. 04*0 .... 

22*29 

44*53 

13*97 

0*58 

18*03 

Dumas & Piria. 

. 13*19 

.. 0*G6 

OTPBaSbO 12 . 

. 343*0 .... 

100*00 



Crystals • 


Dumas & Piria. 

BaO . 

. 70*0 

20*18 

. 19-85 

SbO 3 . 

. 153*0 .... 

40*31 


8 C . 

. 48*0 .... 

12*04 

. 11*71 

0 H . 

. 0*0 .... 

3*58 

. 1*72 

12 O . 

. 90-0 .... 

25*29 


C 8 H 4 K(Sb0 2 )0 1!! + 2Aq. .. 

. 379-0 .... 

100*00 



Dumas & Piria explain the deficiency of carbon by the circumstance that the baryta, 
in spite of the presence of antimonic oxide, still retains carbonic acid at a red heat; 
they suppose the crystals to contain ^ At. HO more than the quantity calculated in 
the preceding table. 

Stroniio~antimo7iic Tartrate. — On mixing tlio bot-saturated solutions of 
1 At. tartar-emetic and 1 At. nitrate of strontia, a crystalline precipitate 
is formed, which is washed with hot water, in which it is nearly insoluble, 
and then dissolved in cold aqueous nitrate of strontia (which takes uj> 
more of it than cold water); this solution, when gradually heated to 100 , 
deposits the salt in small prisms, which scarcely give off i p. c. water 
at 210° in 6 hours. (F. Kessler, Bogg. 75, 410.) 

X 2 

























308 PRIMARY NUCLEUS C 8 H 12 : OXYGEN-NUCLEUS C 8 H 6 0 6 . 


Crystals. 



Kessler. 

SrO . 

,. 52 

.. 15*43 ... 

. 15-26 

SbO 3 . 

.. 153 .. 

.. 45-40 .. 

. 45*25 

C 8 H 4 0 10 . 

.. 132 .. 

.. 39*17 . 

. . 39-22 


C 8 H 4 Sr(Sb0 2 )0 12 . 337 ... 100-00 . 99*73 


Strontio-antimonic Tartrate with Nitrate of Stronbia. — 1 pt. of nitrate 
of strontia is digested for some time at 30° to 35°, with 2 pts. of water 
and an excess of finely pulverised strontio-antimonic tartrate, the solution 
filtered at 20°, and left to evaporate in the air. — The large, somewhat 
efflorescent crystals thus obtained give off the whole of their water, 
amounting to 18*43 per cent, at 200°, and at a stronger heat burn away 
suddenly with a glimmering light, and without blackening, leaving a 
porous mass, which continues to glow for some time in the interior. 
They are not altered by immersion in cold oil of vitriol, dissolve with 
noise in warm oil of vitriol, and then give off carbonic oxide, and subse¬ 
quently nitric oxide gas without any colouring, but afterwards becomes 
brown and give off sulphurous acid. They dissolve readily in cold water; 
and the solution when heated deposits crystals of strontio-antimonic 
tartrate, which do not redissolve completely on cooling, even after a 
considerable time. (Kessler.) 


Crystals . 

2 SrO . 

104 

.. 18-87 ... 

Kessler. 

... 19-13 

SbO 3 . 

153 

. 27*77 

28-02 

C 8 H 4 O ]0 . 

132 . 

.. 23-96 

23*92 

NO 5 . 

54 

. 9-80 


12 HO . 

108 . 

19-60 ... 

. ... 18*43 

C s H 4 Sr(Sb0 2 )0 12 ,Sr0,N0 s + Aq.... 

551 . 

... 100-00 



Calcio-antimonic Tartrate . — By precipitating a lime-salt with tartar- 
emetic. The precipitate has the composition of the latter. (Wallquist.) 

Antmonio-iwanic Tartrate. — When the cold aqueous solutions of 
tartar-emetic and uranic nitrate are mixed together, the light yellow 
gelatinous precipitate dissolved in hot water, and the resulting solution 
slowly cooled, it immediately yields crystals; but if quickly cooled, it 
yields at first an amorphous precipitate, which however changes after 
a while to yellow-needles having a silky lustre and united in radiated 
groups. The same crystals are obtained by mixing the hot solutions of 
3 pts. tartar-emetic and 1 pt. uranic nitrate, and leaving the mixture to 
cool. The air-dried crystals give off in vacuo over oil of vitriol 
11 76 per cent. (7 At. [or 6?]), and at 200° in a dry stream of air, 
without any alteration of the acid, 18*83 p. c. (11 At. [or 10?]) in all; 
at 210 , the salt suffers no further loss, but emits a faint odour of burnt 
sugar; the salt dried in vacuo gives off at 200° in a stream of dry 
carbonic acid gas, 7 95 p. c. (4 At.), then at 242°, with browning and 
an odour of caramel, 2 p. c., and at 270°, with deeper brown colour, an 
additional quantity of water; but there still remains a certain quantity 
of hydrogen, which escapes in the form of water when the residue is 
ignited in a glass tube. There remains a mixture of charcoal, uranous 
oxide, and antimony, which, even when quite cold, takes fire in the air 
and burns with great splendour. — The salt dissolves in hot water with 
lme yellow colour, but separates out almost completely on cooling, so 
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that the mixture becomes nearly colourless. (Peligot, 2\T. Ann . Chim, 
rhys 12, 466; also /. pr. Ghem . 35, 157.) 


U 2 0 3 . 

J Dried at 200°. 
. 114 .. 

.. 35-04 

Peligot, 

SbO 3 

. 153 .. 

.. 37*22 


8 C. 

. 48 ... 

.. 11*68 .... 

.... 11*56 

2 H . 

. 2 ... 

.. 0*49 .... 

.... 0*70 

8 O . 


.. 15*57 



C 8 H 2 (U 2 0 2 )(SbO 2 )O 10 .... 411 .... 100*00 
Therefore like common tartar-emetic dried at 200° (p. 300). 


XJ2Q3 

Crystals dried in vacuo. 
. 144 , 

.... 32*22 ... 

Peligot. 
. 32*3 

SbO 3 , 

. 153 

34*23 

33*7 

8 C. 

. 48 

10*73 

11*0 

6 H. 

. 6 

1*34 

1*3 

12 0. 

. 96 

21*48 

21-7 

C s H 4 (U 2 0 2 )(Sb0 2 )0 12 + 2Aq. 447 

.... 100*00 .. 

. 100*0 

U 2 0 3 . 

Air-dried Crystals . 

.. 144 ... 

. 28*74 . 

Peligot. 
... 28-30 

SbO 3 . 


30*54 

30*30 

8 C . 

. 48 

9*58 

9*64 

12 H . 

. 12 

2*40 

2 45 

18 0 . 

. 144 

28*74 

29*31 

C 8 H 4 (U 2 0=)(Sb0 2 )0 12 +2Aq. 501 ... 

100*00 .... 

.... 100*00 


Peligot supposes the air-dried crystals to contain 1 Acp more. 

Telluric Tartrate. — The solution of telluric oxide in the aqueous 
acid dries up by spontaneous evaporation, to a transparent, colourless 
mass, which has a radiated crystalline structure, and dissolves readily in 
water, forming a solution which is not precipitated by alkalis, borax, 
molybdate of ammonia, tellurate of soda, or infusion of galls. (Berzelius.) 
Snow-white needles, having a sweet metallic taste and nauseating action, 
(Kolrcuter, Schw. 62, 216.) 

Potamo-telhiric Tartrate. — Telluric oxide, its hydrate, and telluric 
acid, which is thereby reduced to tho oxide, dissolve when digested in 
aqueous tartar-emetic. The solution deposits a large quantity of cream 
of tartar when evaporated, and tlion dries up to a transput out gum. This 
residue, when treated with cold water, becomes opaque from separation 
of telluric oxide, but redissolves completely wben heated, without depo¬ 
siting anything on cooling. (Berzelius.) 

Bismuthic Tartrate. — Precipitated on adding tartaric acid to sul¬ 
phate, hydrochlorate, or nitrate of bismuth, in tho form of a white crys¬ 
talline meal insoluble in water. (Grcn, in his Lehrbuch .) — Bismuth-salts 
are not protected from precipitation by potash by the presence of tartaric 
acid. (H. Rose.) 

IF. On adding a hot concentrated aqueous solution of 4 pts. tartaric 
to a hot concentrated of 5 pts. bismuthic oxide (BiO 3 ) in nitric acid, tho 
solution remains clear while hot, hut, on cooling, deposits neutral bis¬ 
muthic tartrate in small shining crystals, which collect on the sides of 
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the vessel, in very solid white crusts. As soon as the separation of these 
crystals is complete, the clear liquid must he decanted, and the salt 
washed on a filter for a considerable time, with a cold dilute aqueous 
solution of tartaric acid mixed with a little nitric acid, then strongly 
pressed between paper, and dried at a gentle heat. The air-dried salt 
gives off 9*12 p. c. (5 At.) water at 100°. (R. Schneider, Fogg . 88, 55.) 


Dried at 100°. 

2Bi0 3 . 

24 C . 

12 H . 

30 O . 

2HO. 


Schneider. 


474 .... 53*38 52*42 

144 .... 16*21 . 16*77 

12 .... 1*35 . 1*39 

240 .... 27*03 . 27*16 

18 .... 2*03 . 2 26 


2Bi0 3 ,3C 8 H 4 0 10 + Aq. 

.. 888 . 

... 100*00 . 

. 100*00 

Air-dried. 

2 BiO 3 . 

474 „ 

... 48*46 

Schneider. 

3 C s H 4 O w . 

396 . 

... 40*49 


12 HO. 

108 . 

... 11*05 

. 11*22 


2Bi0 8 ,3C s H 4 0 10 + 6Aq. .. 978 .... 100*00 


When the preceding salt is immersed in hot water, and potash added in small 
quantities, a white turbidity is first produced, but afterwards, on the addition of more 
potash, a clear solution which does not become turbid when mixed with more water or with 
potash. On mixing this solution with a solution of potassio-stannous tartrate prepared in 
a similar manner (p. 311), there are formed, either at ordinary temperatures or on boiling, 
according to the degree of concentration, double salts of bismuthous oxide (BiO 2 ), 
stannic oxide, and tartaric acid, which, in presence of a sufficient quantity of water, 
dissolve in a slight excess of potash, forming dark brown liquids. From these com¬ 
pounds, the bismuthous oxide is not precipitated by direct treatment with caustic potash. 
By the addition of certain salts, e. g ., carbonate or sulphate of soda, or chloride of 
sodium, to the slightly alkaline solutions of these double salts, brown compounds of 
stannic oxide and bismuthous oxide are precipitated, either at ordinary temperatures or 
on boiling, which appear to contain essentially 1 At. SnO 2 to 1 At. BiO 2 . If a solution 
of sesquioxide of tin be used instead of the protoxide, a similar compound is formed 
containing 2 At. SnO 2 to 1 At. BiO 2 . From these compounds of stannic and bismuthous 
oxides, the former oxide is completely separated by potash, only when they have not 
been precipitated at a boiling heat. (Schneider.) fl. 

Potassio-bismuthic Tartrate. - ~ Cream of tartar is boiled with water 
and excess of hydrated bismuthic oxide, obtained by digesting Magisterium 
Fismuthi with potash; the clear, somewhat viscid filtrate, which is not 
clouded by water, but forms a cloud with the stronger mineral acids, 
evaporated over the water-bath; and the heavy white crystalline powder 
which settles down, collected. This powder is decomposed by water, 
and yields an acid filtrate free from bismuth, which is turbid at first, 
but becomes clear after a while. (A. Schwarzenberg, Ann. Fkarm. 
61, 244.) 

Dried at 100°. Schwarzenberg,* 

ICO.. . 47*2 .... 11*86 12-22 

BiO 3 . 237*0 .... 59*52 58*94 

8 C. 48-0 .... 12*05 12*16 

2 H. 2-0 .... 0*50 0*59 

8 0. 64*0 .... 16 07 . 16*09 

C s H 2 K(Bi0 2 )0 10 . 398*2 .... 100*00 . 100*00 

Analogous therefore to tartar-emetic dried at 200° (p. 300.) % 
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Tartrate op Zinc. •—l.*Tlie aqueous acid acts upon zinc with evolu¬ 
tion of hydrogen, and forms a sparingly soluble salt. (Bergman.) — 
Concentrated solutions of neutral tartrate of potash ami sulphate of 
zinc yield immediately, and dilute solutions, after some hours, a white 
crystalline meal, which appears to contain 3 At. oxide to 1 At. acid. 
(Schindler, May. Pkarm. 36, 63.) On mixing the hot concentrated 
solutions, a yellowish white crystalline meal is obtained; the cold dilute 
solutions gradually yield small crystals. The salt dissolves but very 
slowly in water, whether hot or cold, readily however in cold potash or 
soda. The alkaline solution when boiled, deposits zinc-oxide in combi¬ 
nation with the carbonic acid which existed in the caustic potash-ley; 
absolute alcohol precipitates from it an uncrystallizablc syrup soluble in 
water. Aqueous carbonate of soda digested with tartrate of zinc, gives 
off carbonic acid, but does not dissolve a trace of zinc. (Worthor.) 
[Probably basic carbonate of zinc and tartrate of soda are formed ] — The 
salt when subjected to dry distillation, leaves a carbonaceous residue, which 
may he sot on fire with a red-hot coal, and burns away with a glimmering 
light, leaving oxide of zinc. (Bottger.) 

Zinc-salts mixed with tartaric acid remain precipitablc by potash. 
(H. Rose.) [Only however when heated.] 

Tartrate of Zinc and Potassium, — a. When cream of tartar is 
digested with excess of zinc or its oxide, a gummy mass is obtained, 
which has a faint taste, deposits a white powder, and dries up to a 
yellowish translucent gum. — b. With a larger proportion of cream of 
tartar, small yellow crystals arc obtained, having a harsh metallic taste. 
(Lassonc, Cre'll. JT. JfSntd . 2, 1L5.) The compound is not precipitated by 
pure alkalis or alkalino carbonates, but yields a precipitato with sulphu¬ 
retted hydrogen. (Thenard.) 

Tartrate of Cadmium. —Slender needles, woolly to the touch, and 
scarcely soluble in water. (Stromcyer. ) — John (Bed. Jahrb. 1820, 376), 
distinguishes a basic salt insoluble in water; a neutral salt, which is very 
sparingly soluble in water, insoluble in alcohol, and crystallizes in hard 
granules; and an acid salt, which dissolves in water and alcohol, and 
separates in radiated crystals. — The residue obtained by dry distillation, 
behaves like that of the zinc-salt. (Bottger.) 

Stannous Tartrate. - - The concentrated solutions of protoehlorido 
of tin and neutral tartrate of potash yield a whitish yellow powder, 
which does not dissolve in water, even when hot, but dissolves in 
aqueous potash or soda, and is precipitated by alcohol, in the form of a 
yellowish white, gummy, uncrystallizablo mass. (Wertber.) — The resi¬ 
due of the dry distillation behaves like that of the zinc-salt. (R'Tiger.) 
-—Stannous salts mixed with tartaric acid arc not precipitated by caustic 
alkalis or alkaline carbonates. (H. Rose.) Hence the addition of* cream 
of tartar to tin-mordants which are mixed with an alkali (Berzelius.) 

Potassio'stminous Tartrate . — Obtained by boiling oxidised tin with 
cream of tartar. Easily soluble ; not precipitated by alkalis or their 
carbonates. (Thenard.)—1 pt. of crystallized protoehlorido of tin 
and 3 pts. of tartaric acid, dissolved in a sufficient quantity of hot water, 
and carefully mixed with caustic potash till the liquid becomes neutral, 
form a clear, colourless solution, which may be boiled and mixed with an 
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indefinite quantity of water, without becoming turbid; tbe white preci¬ 
pitate which forms in this solution by addition of a little more potash, 
and especially on boiling, is rcdissolved by a still further addition of 
potash. (R. Schneider. Pogg. 88, 59.) % 

Tartrate of Lead. — Obtained by precipitating nitrate or acetate 
of lead with tartaric acid. — With tartrate of potash and neutral acetate of lead, 
a precipitate is formed containing acetic acid, (md. inf.) — Also by precipi¬ 
tating a hot solution of tartrate of lime with neutral acetate of lead, and 
filtering at a boiling heat. (Casselmann.) — White crystalline powder, 
of sp. gr. 3*871. (H. Rose, Pogg. 33, 48.) The salt precipitated by 
tartaric acid from neutral acetate of lead, and dried in the air, gives off 
but a trace of hygroscopic water at 120°. (Berzelius, Ann. Qhim. 94, 176; 
Pogg . 19, 306.) By dry distillation, it gives off 0*2 p. c. of pyrotartaric 
acid, besides empyreumatic oil and acetic acid. (Gruner.) When boiled 
with water and peroxide of lead or manganese, it is decomposed, with 
formation of formiate of lead. (Persoz, Compt. rend. 11, 522.) It dis¬ 
solves, with evolution of heat, in potash or soda-ley, and alcohol throws 
down from the solution, a mass which collects in lumps and dries up to 
a fine crystalline meal. (Werther.) Its solution in ammonia deposits, 
when boiled, a compound of 4 At. lead-oxide with 1 At. acid. (Erdmann, 
Ann. Pharm. 21, 14.) It dissolves in sal-ammoniac (Brett), and in warm 
nitrate or succinate of ammonia, imperfectly in the carbonate. (Wifct- 
stein.) It is nearly insoluble in water. Dissolves readily in aqueous 
nitric or tartaric acid. The latter solution does not become turbid on 


addition of 

alcohol 

, and 

when evaporated, deposits nothing 

but the 

neutral salt. (Erdmann.) 
Dried at 100°. 

Berzelius. 

Thomson. Bucbolz. Th6nard. ^ asse L 

2 PbO. 

224 .... 

62*92 

. 62*74 

62*56 ... 63 .. 66 

mann. 

.. 62-3 

8 C. 

48 .... 

13*49 

.. 13*57 .. 

. 

.. . 13*5 

4 H. 

4 .... 

1*12 

. . 1*12 . 


.... 1*5 

10 0. 

80 .... 

22*47 

.. 22*57 . 

... 

.... 22*7 

C 8 H 4 Pb 2 0 12 

356 .... 

100*00 

.... 100*00 


100*0 


By digesting 5 pfcs. of litharge with 2 pts. of neutral tartrate of pot¬ 
ash dissolved in water, tartrate of lead and caustic potash are obtained. 
(Karsten, Seller . J. 5, 594.) 

When 2 At. neutral acetate of lead and 1 pt. neutral tartrate of pot¬ 
ash^ are mixed together in aqueous solution, a * precipitate is formed, 
consisting of a mixture of about 9 pts. of lead-oxide and 2 pis. of sex- 
basic acetate of lead, while the supernatant liquid is acid, and still 
contains tartaric acid, so that it is still capable of forming a preci¬ 
pitate with neutral acetate of lead. (Geiger, Report. 9, 176.) — Bollc 
(JBr. Arch . 20, 1), obtained similar results. The precipitate obtained 
with various^ proportions of the materials, and washed with boiling 
water, contained, besides tartrate of lead, small quantities of sex- 
basic acetate of lead and cream of tartar; and the filtrate contained,— 
besides acetate of potash—free-acetic acid which could be sepa¬ 
rated by distillation, a small quantity of neutral tartrate of potash, 
and oxide of lead [probably dissolved in the form of tartrate by the 
acetic acid]. — Werther prepared his tartrate of lead by precipitating 
the acetate or nitrate of lead with neutral tartrate of potash, and obtained 
it m the form of a white, dry, soft powder, which contained 56.97 p. c. 
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lead-oxide, and gave off 8*24 p. c. water at 200°. This was probably an 
impure salt of similar nature. 

A lead-salt mixed with tartaric acid, and at the same timo with a 
sufficient quantity of nitric acid to prevent the precipitation of tartrate 
of lead, is not prec^itated by alkalis. (II. Rose.) 

Tartrate of Lead and Ammonium . — Tartrate of lead dissolves readily 
and abundantly in an aqueous solution of neutral tartrate of ammonia; 
the concentrated solution solidifies, after a while, to a stiff jelly. 
(Wohler.) 

Tartrate of Lead and Potassium . — Cream of tartar boiled with 
oxide of lead yields an insoluble salt, which is not decomposed either by 
alkalis or by sulphates. (Thenard.) 

Tartrate of Leadl and Chromium . — Blue potassio-chromic tartrate 
added to acetate of lead, throws down a bluish-green powder. (Berlin.) 

Tartrate of Lead and Antimony. — The precipitate obtained in the 
cold with tartar-emetic and neutral acetate of lead, and dried in the air, 
gives off 8-84 p. c. (4 At.) water, when heated to 100° in a steam of dry 
air; and at 200°, at which point decomposition begins, 11*7 p. c. (G At.) 
in all. The precipitate obtained with hot solutions has, after drying in 
the air, the same composition as the precipitate obtained in the cold and 
dried at 100°; it gives off 4*81 p. c. (2 At.) water between 220° and 230°. 
(Dumas & Piria.) 2 At. water go off even at 190°, and tho residue 
suspended in alcohol and decomposed by sulphuretted hydrogen, yields 
nothing but tartaric acid; if, however, this residue be decomposed by a 
small quantity of oil of vitriol, and exhausted with alcohol, tho solution 
saturated with carbonate of baryta, and the filtrate ovaporated, a small 
quantity of a baryta-salt is obtained = BaO,C 4 H0 4 [ = C 8 H 2 Ba 2 0 10 , 
corresponding, therefore, to tartaric anhydride]. (Berzelius, Pogg . 47 
318.) 

The precipitate obtained from hot solutions , Dumas & 

dried at 230°. Piria. 


PbO. 

. 112 ., 

... 29*55 


SbO 3 . 

. 153 .. 

... 40*37 


8 C . 

.... 48 ., 

... 12*66 

. 12*77 

2 H . 

2 .. 

0-53 

. 0*58 

8 O . 

. 64 . 

... lfi-89 


C s IT-Pb(SbO“)0 10 ... 

. 379 . 

... 100*00 


The 

same, air-dried. 

Dumas & Piria. 

PbO. 

. 112 . 

... 28*21 


SbO 8 .. 

. 153 . 

... 38*54 


8 C. 

. 48 . 

... 12*09 

.. 12*20 

4 H. 

4 . 

... 1*01 

. 1*13 

10 O. 

. 80 . 

... 20*15 


C 8 H 4 Pb(Sb0 2 )0 1 - ... 

. 397 . 

... 100*00 



Ferrous Tartrate. — a. Anhydrous? — !. Obtained by mixing a 
warm aqueous solution of ferrous sulphate with tartaric acid, (Retzius.) 
According to Retzius, the salt is deposited as the liquid cools. According 
to Bolle (W. Br.' Arch. 37, 33), on the contrary, it is deposited when the 
solution is heated. In a cold saturated aqueous solution of 4 pts. ferrous 
sulphate, 3 pts. of tartaric acid dissolve clearly; but each time the liquid 
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is heated, and especially on boiling, a large quantity of ferrous tartrate is 
precipitated in the form of a bluish white powder, which disappears 
almost completely on each application of heat, while ferrous sulphate 
crystallizes out. The mixture, after dilution with water, must therefore 
be boiled, the precipitate collected on the filter while hot, and washed 
with boiling water. By this process, the 4 pts. of ferrous sulphate yield 
0*42 pt. of precipitate. When 1 pt. of ferrous chloride is mixed with 
2 pts. of neutral tartrate of potash, part of the powder is precipitated, 
even in the cold, the rest on boiling; in all 1 pt. 

According to Retzius, the anhydrous salt forms lamina); according to 
Bolle, an apple-green powder containing no water of crystallization, and 
leaving 40'06 to 40’62 ferric oxide when burned. According to Bulk, it 
is a white, non-crystalline powder, which contains no water, but dissolves 
in 11*27 pts. of cold water. 

By precipitating ferrous sulphate with neutral tartrate of potash, a 
pale green powder is obtained, which becomes spotted with red-brown 
during washing, and dissolves very readily in aqueous alkalis, forming a 
liquid which oxidises quickly on exposure to the air. (Worthor.) 

b. Hydrated. — Iron filings or iron wire is immersed in aqueous tar¬ 
taric acid contained in a flask provided with a gas-delivery tube, tho 
precipitated pulverulent salt separated from the iron by elutriation, and 
washed with a small quantity of water. (Bucholz, Ure, N. Quart. J. 6, 
388.) —White powder containing 13 p. c. water (15 p. c. would be 4 At.), 
soluble in 426 pts. of cold and 402 pts. of boiling water. (Bucholz.) It 
tastes slightly ferruginous, does not oxidise readily in the air, takes fire 
at a dull red heat, and burns away like tinder, leaving a residue of ferric 
oxide. (Ure.) By dry distillation, it gives off carbonic acid aud olefiant 
gases, and leaves a mixture of charcoal and ferrous oxide (without 
metallic iron, inasmuch as it does not evolve hydrogen from hydrochloric 
acid), which, when exposed to the air after complete washing, takes fire 
quickly, and burns away with a glimmering light, leaving ferric oxide of 
a fine red colour. (Bottger.) 

Ferrous sulphate mixed with tartaric acid is not precipitated by alkalis 
or their carbonates, and forms with ammonia a dark green liquid, which, 
when exposed to the air, slowly turns yellow from formation of ferric 
salt. (H. Rose.) On boiling, however, the iron is completely precipitated 
by potash. (Wackenroder, Br.Arch. 21, G7.) 

Ferric Tartrate. — Obtained by dissolving recently precipitated 
ferric hydrate in aqueous tartaric acid, at a temperature not exceeding 
25°. (Werther, Wittstein, Jiepert. 86, 362; 92, 2.) — Ferric hydrate 
while still moist dissolves easily, but after drying, scarcely at all in tho 
cold acid and very sparingly in the boiling acid ; with partial reduction 
to ferrous oxide (recognizable by the formation of prussian blue with 
ferricyanide of potassium) and evolution of carbonic acid, (Werther.) — 
The solution evaporated below 50°, whereby an inconsiderable reduction 
is produced, leaves an amorphous mass which yields a dingy yellow 
powder, and consists of 2Fe 2 0 3 , 3C 8 H 6 0 1S . On boiling the solution, tho 
sesquioxide of iron is partly reduced to protoxide, and a basic salt is 
precipitated, while free acid remains in solution, together with a small 
quantity of the sesquioxide. (Wittstein.) The solution is not precipitated 
by alkalis; but when mixed, first with potash and then with alcohol, it is 
resolved into a wine-red syrup, and a supernatant liquid of a lighter 
colour. (Werther.) Sulphuretted hydrogen passed through a solution of 
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the salt supersatnated with ammonia, throws down all the iron. (H. Rose.) 
Concentrated solutions of neutral tartrate of potash mixed in proper 
proportion with ferric sulphate, deposit sulphate of potash; and the 
blood-red filtrate yields with alcohol containing in solution a large quantity 
of tartaric acid with a trace of ferric oxide, a viscid precipitate which 
dries up to a brittle mass, melts at 85°, glimmers away in the firo, with 
a pale flame and faint odour of caramel, and is insoluble in water, but 
redissolves in aqueous tartaric acid, forming a blood-red liquid. (Ure.) 

Ferroso-fewic Tartrate . — When recently precipitated ferric hydrate 
is digested with aqueous tartaric acid, 21-2 pts. at most of the dry 
oxide dissolve in 63*3 pts. of the crystallised acid [I At. in some¬ 
thing less than 2 At]. On boiling and evaporating this solution, y of 
the ferric oxide is reduced to ferrous oxide without evolution of 
carbonic acid (at least according to Werthcr), formic acid, or any 
other volatile acid, and without formation of oxalic acid; oxygen gas 
must therefore be evolved [?]. During this boiling and evaporation, a 
lemon-yellow powder is likewise deposited. If, however, the whole be 
evaporated to dryness at once, there remain 85 pts. of a mass producing 
a greenish yellow powder, permanent in the air, and containing, when 
dried between 60° and 70°, 3*36 p. c. FcO, 21*50 Fe 2 0 3 , 64*75 C 8 H d O ll) , 
and therefore 10*39 Aq. It decomposes quietly in the fire, without 
melting, and leaves 38 p c. of ferric oxide. To alcohol and ether it 
gives up only a little tartaric acid, and is resolved by boiling with water 
into a lemon-yellow powder, amounting to 58*8 per cent., and a pale 
yellow liquid, which is aqueous tartaric acid, but still contains in solution 
a small quantity of the lemon-yellow powder. (Wittstcin.) 

The lemon-yellow powder does not appear crystalline under the 
microscope; it is tasteless, and in the undecomposed state does not redden 
litmus. It contains 4*70 p. c. FeO, 32*25 Fe 2 0 3 , and 62*30 C 8 H*0 10 (loss 
0*75.) It is decomposed in sunshine, with formation of ferrous salt, and 
acquires the power of reddening litmus; and when exposed to the sun 
under water, is completely dissolved, forming a colourless liquid which 
contains nothing but ferrous salt. It is not altered by ammonia; with 
potash-ley, it forms a black-brown solution which is completely decom¬ 
posed at a gentle heat; with warm aqueous carbonate of potash, it forms 
a dark brown solution which becomes turbid by continued boiling. It 
dissolves in nitric acid without colour, in hydrochloric acid with yellow 
colour. The latter solution forms with ammonia a clear brownish yellow 
mixture; with potash, a clear black-brown mixture, which is completely 
precipitated on heating; and with carbonate of potash, a dark mixture, 
which, when boiled, slowly deposits nil the iron, the more slowly as it 
is more concentrated. In cold tartaric acid the powder dissolves slowly, 
in hot tartaric acid quickly, with greenish yellow colour. Hot acetic 
acid dissolves only a trace; alcohol and ethoi*, none. (Wittstcin, liepcrL 
86, 362.) 

Ferrocyanide of potassium added to a solution of neutral ferric 
tartrate, throws down prussian blue; but if an excess of tartaric acid is 
present, it forms a clear blue liquid, which when evaporated, loaves a 
dark blue residue, soluble in water. — Prussian blue recently precipitated 
from ferric sulphate does not dissolve in tartaric acid; but, if ammonia 
be then gradually added, it becomes violet, amethyst-rod, rose-red, and 
finally white (amnioniacal prussian blue, vii. 445) ; it is then turned blub 
by tartaric acid, and again white by ammonia. The wliito body remains 
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white "when exposed to the air -under water, hut becomes blue only 
drying. If, on the other hand, tartrate of ammonia be immediately added 
to the blue precipitated mixture of ferric sulphate and ferroevanide of 
potassium (and not the acid and ammonia in succession), the prussian 
blue dissolves with splendid violet colour. (Calloud, JV. J. Pharm . 
10, 182; also J. pr. fjhem. 39, 227.) — Prussian blue alone likewise 
dissolves immediately in a cold aqueous solution of neutral tartrate 
of ammonia. (Montkiers, JV. JPharm . 9, 263; also J . pr. Chem. 
38, 173.) 

Ammonio-ferric Tartrate . — The dark brown solution of recently pre¬ 
cipitated ferric hydrate in hot aqueous tartrate of ammonia, leaves, when 
evaporated over the water-bath, shining, dark brown scales, exhibiting 
a garnet-red translucence, — or else a granular mass. The residue 
consists of NH 3 ,Fe 2 0 3 ,C s H 4 0 10 -f 4 to 5 Aq. It dissolves in somewhat 
more than its own weight of water. The solution is not altered by 
several hours’ boiling, but alcohol precipitates the salt from it, (Procter, 
Amer. J . of Pharm.] abstr. JV. J . Pharm . 1, 414.) 


Potasm-ferrons Tartrate. — By digesting 1 pt. of iron-filings with 
4 pts. cream of tartar, and with water out of contact of air. Greenish 
white needles having a harsh taste, sparingly soluble in water, not 
precipitated by alkalis or their carbonates, but yielding a precipitate 
with sulphuretted hydrogen. 


Potassio-ferric Tartrate . — Ferric hydrate is digested at 50° or 60° 
with water and cream of tartar for 24 to 36 hours, the mixture being 
shaken now and then, and the residue evaporated on plates in the 
drying chamber at a gentle heat. Shining, black-brown scales, ruby- 
coloured by transmitted light; the salt, even below 130°, gives off water 
and carbonic acid, part of the sesquioxide of iron being at the same time 
reduced to protoxide; and the residue dissolves in water, with separation 
of a small quantity of black ferruginous matter. The solution of the 
salt deposits when boiled, nearly colourless tartrate of ferrous oxide 
[and potash?] (Soubeiran & Capitaine, J. Pharm . 25, 738; also Ann . 
Pharm . 34, 204.) 


Dried at 100°. 


Soubeiran & 
Capitaine. 


KO . 47*2 .... 18-21 18-6 

Fe 2 0 3 . 80-0 .... 30-86 30’8 

C 8 H 4 O l °. 132-0 ... 50-93 


C 8 H 4 K(Fe 2 0 2 )0 12 .259*2 .... 100*00 


To this salt belong, for the most part, the Tartarus chahjheatus or 
Mars solubilis , and the Globuli martiales of the pharmacopoeas, prepared 
by heating cream of tartar and water, either with ferric hydrate, or with 
iron filings in a vessel exposed to the air. These preparations, however, 
as Wackenroder has shown, always contain a considerable quantity of 
ferrous salt, inasmuch as, in the first mode of preparation, part of the ferric 
oxide is reduced by the hot tartaric acid, and in the second, the iron is 
hut imperfectly oxidized by the air. These preparations consist of a 
very sparingly soluble portion, which, according to the mode of ope¬ 
rating, appears to consist of basic ferric tartrate, potassio-ferrous tartrate, 
or ferrous tartrate, and of an easily soluble portion, which is chiefly 
potassio-ferric tartrate, but appears always to contain in addition potassio- 
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ferrous tartrate (rendered soluble in water by tbe medium of the ferric 
s alt), and sometimes also neutral tartrate of potasli. 

1. With Ferric Hydrate and Cream of Tartar . — When tlie hydrate 
is boiled for some time with water and cream of tartar, the liquid evapo¬ 
rated to an extract, the extract dissolved in water, the solution filtered 
from the insoluble portion, and again evaporated, a dark green mass is 
obtained, which yields a yellow-green powder. It dissolves readily in 
water. The clear yellow-green solution reddens litmus strongly, and 
when mixed with hydrochloric acid, forms a copious blue precipitate, 
both with ferrocyanide and with ferricyanide of potassium. The preci¬ 
pitate produced by the ferrocj’anide is about three times as copious as 
that formed by the ferricyanide. The tartaric acid has therefore reduced 
a portion of the sesquioxide of iron to protoxide. Tt forms with am¬ 
monia a clear brown mixture, which does not become turbid, even when 
boiled, but when heated with a small quantity of hydrochloric acid, 
deposits a rust}"-coloured matter, which redissolves in a larger quantity 
of the acid. The clear dark brown mixture formed with potash remains 
clear while cold (as observed by Wenzel and IT. Rose), but on boiling 
deposits all the iron in the form of dark brown ferroso-ferric hydrate. 
With carbonate of soda it assumes a greenish brown colour; with 
phosphate of soda, dark brownish green, without becoming turbid when 
boiled; but a small quantity of acetic acid afterwards added, throws 
down all the iron as a greenish white powder; a small quantity of hydro¬ 
chloric acid also added after the phosphate of soda, forms, especially 
when the liquid is heated, a thick precipitate of ferric phosphate; and if 
acetate of soda be likewise added, the whole of the ferric oxide is preci¬ 
pitated on boiling in the form of phosphate, and the whole of the ferrous 
oxide remains in solution, also as phosphate. Sulphuretted hydrogen 
forms a black precipitate with the solution, but does not throw down all 
the iron. Infusion of galls forms a dark blue precipitate. (Wackenrodcr, 
JV. Br . Arch. 21, G5.) The soluble salt slowly forms with forroeyanido 
of potassium a scanty white precipitate, which gradually turns blue 
(J. A. Buchner, Repert. G, 280), but on addition of a small quantity of 
acid, it yields immediately a copious blue precipitate. (Fuchs, Report. 
9, 214.) With sulphuretted hydrogen and tincture of galls, it gives the 
ordinary precipitates. (Buchner.) 

By boiling about 1 pt. of ferric hydrate with 4 pts. of cream of 
tartar and with water, then filtering and evaporating to dryness, a dark 
green or yellowish brown, uncryslallisablc, resinous mass is formed, 
having a sweetish ferruginous taste. — By boiling 188T pts. (1 At.) of 
cream of tartar with a quantity of ferric hydrate containing 82*8 pts. 
(a little more than 1 At.) of anhydrous ferric oxide, and with water, 
a soluble and an insoluble compound arc obtained, which may he sepa¬ 
rated by filtration. — The insoluble compound amounts to only 18 pts., 
contains G8 p. c. ferric oxide, no potash, and may be regarded as basic 
ferric tartrate. The soluble compound amounts, when evaporated to 
dryness, to 242 pts.; has the appearance of a brown brittle resin, trans¬ 
parent, with greenish yellow colour in thin sheets; yields a brown 
greenish yellow powder, which the moisture of the air again hardens to 
a solid mass; has a pure but mild ferruginous taste; and reddens litmus. 
Tbe brown-yellow aqueous solution, like all the following examined by 
Wittstein, is completely precipitated, with blue colour, by ferricyanide of 
potassium, also by boiling with potash, with separation of dark brown 
ferroso-ferric hydrate. (Wittstein; ?eehis analysis, a , p. 319.) 
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2. With Iron and Cream of Tartar. —When ] pt. of iron filings is 
digested with 4 pts. of cream of tartar and with water in an open vessel, 
hydrogen gas is evolved at first, and a white granular mass formed, 
which is slightly soluble in water, consists chiefly of potassio-fcrrous 
tartrate, and when exposed for some weeks to the action of the air, 
assisted by constant stirring, is converted into a brown pitchy mass, 
consisting chiefly of potassio-ferric tartrate, but always containing a little 
of the ferrous salt. On dissolving this mass in water, the excess of iron 
filings remains behind, and, according to Wittstein, some iron-black pro¬ 
duced therefrom, together with potassio-ferrous tartrate, and any tartrate 
of lime that may have been contained in the cream of tartar; while the 
filtered solution leaves on evaporation, a brown mass consisting of a 
large quantity of potassio-ferric and a small quantity of potassio-ferrous 
tartrate. 

The solution of this mass is dark brown, has a faint taste, slightly 
sweetish, with an alkaline character, and almost imperceptibly ferru¬ 
ginous. Sulphuric, h} r drochloric, nitric, or acetic acid, added in small 
quantity, precipitates pure ferric hydrate, and the filtrate tastes slightly 
acid and strongly ferruginous; tartaric acid precipitates cream of tartar 
from it. (Geiger, Mag. Pharm. 7, 262.) 

If the mass be redissolved in water and filtered as often as any 
insoluble matter [potassio-ferrous tartrate?] remains behind, and the 
filtrate finally evaporated, a dark brownish green mass is obtained, 
which swells up strongly when ignited, and deliquesces in the air. (Bulk. 

Analysis b.) 

When iron filings are digested for a short time with cream of tariar, 
the resulting solution has a strong acid reaction; after longer digestion 
the acid reaction is but slight, but the proportion of the protoxide to the 
sesquioxide remains about the same. The solution exhibits exactly the 
same reactions as that which is prepared with ferric oxide and cream of 
tartar (p. 317), especially in being completely precipitated by potash on 
boiling. (Wackenroder.) 

The portion of the resulting mass which is sparingly soluble in water 
is ferrous tartrate; the easily soluble portion blues reddened litmus, and 
becomes moist on exposure to the air. (Boutron Charlard, X Pharm . 
£>, 590.) 

Alcohol added to the aqueous solution throw's down a viscid mass, 
and the nearly colourless filtrate contains a very small quantity of iron. 
(Hie.) 

After 1 pt. of iron filings has been digested for a week with 4 pts. of 
cream of tartar, nearly -J- of the iron is found unaltered. The insoluble 
portion of the resulting salt is ferrous tartrate mixed with a very small 
quantity of potassio-ferrous tartrate; if, however, the action of the air 
has been continued for a longer time, the product gives the analysis c. — 
The portion soluble in water, which is the larger of the two, exhibits, 
after evaporation, the appearance of a black, shining, brittle mass, which 
becomes moist on exposure to the air, and has a mild, saline, sweetish, 
ferruginous taste; when this mass is dissolved in water, a small portion 
of the insoluble salt still remains behind. Analysis d. (Wittstein.) 

In a second similar experiment, -J- of the iron filings remained unat¬ 
tacked, hut at the same time £ of the iron was converted into iron-black. 
The black watery filtrate left more than 2 pts. of a black shining mass, 
which, after being three times dissolved in water and filtered from the 
insoluble portion (the analysis of which is given under e) } left a black 
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shining mass, having a greenish transluccnce, absorbing a small quantity 
of moisture, yielding a greenish brown powder, and having a sweetish 
ferruginous taste; the analysis of this residue is given under f. (Witt- 
stein.) 

If iron reduced from the oxide by hydrogen be used, and the mass 
subsequently digested in water, there remains a greyish white mixture 
of iron-black and ferrous tartrate free from potash; and the dark greenish 
brown filtrate, which has a sweetish, ferruginous, and saline taste, and 
reddens litmus slightly, leaves on evaporation a black residue, which 
yields a greyish brown powder, deliquesces to a thin pasto on exposure 
to the air, dissolves completely in water, and gives the analysis g. 
(Wittstein.) 




Wittstein. 


Dulk. 

Wittstein. 

Wittstein. 


At. 

a. 

At. 

b. 

At. c. 

At. d. 

KO . 

.. 4 

.... 19-30 

4 .... 

, 30-97 

6 .... 14-58 

7 .... 28-62 

FeO . 

.. 1 

. . 4-04 



7 .... 12-73 

1 .... 2-92 

Fe 2 0 3 . 

3 

.... 24*38 

1 ... 

. 12*78 

6 .... 24-86 

2 ..., 10*09 

C 8 R 4 0 10 . 

.. 4 

. .. 52*69 

3 

56-25 

7 .... 47-83 

5 .... 58*37 



100*41 


100-00 

100*00 

100*00 



Wittstein. 


Wittstein. 

Wittstein. 



At. 

e. 

At. 

/- 

At. q. 

KO .. 


. G .... 

20*61 

8 . 

... 26-02 

8 .... 31*06 

FeO 




1 . 

... 2-59 

1 .... 3*99 

Fe 2 0 3 .. 


. 0 .... 

33*84 

3 . 

... 17-00 

1 .... 5*57 

C a I-P0 10 .. 

. 5 .... 

45*55 

6 

... 54-00 

5 .... 57*25 


100*00 99*61 100-87 


[The atomic numbers prefixed to the percentages are but very rough 
approximations. 

According to this, the salt a is a mixture of 1 At. C 8 H 4 KFe0 12 , and 
3 At. C 8 H 4 K(Fe0 2 )0 12 ; in salt b, JDulk probably overlooked the ferrous 
oxide; salt c is not easy to designate; d appears to bo a mixture of 
1 At. C 8 H 4 KFe0 13 , 2 At. C 8 H 4 (Fe 2 0 2 )0 12 , and 2 At. C 8 H 4 K 2 0 12 ; <?, which 
appears to contain a basic salt, is difficult to mako out; f should be 
a mixture of 1 At. C 8 H 4 KFc0 12 , 1 At. C 8 H 4 K(Fc0 2 )0 13 / and 3 At. 
C 8 H 4 K 2 0 12 ].—Wittstein gives different calculations, bocauso in each of 
the compounds analysed, lie supposes all the potash, ferrous oxide, ferric 
oxide and acid, to be united into a single salt. 

According to Scmmola (Jienelim Jakmher. 24, 217), the compound 
of 1 At. potassio*ferrous tartrate with 1 At. potassio-ferric tartrate is 
green and difficultly soluble, and when exposed to the air, passes into the 
black, easily soluble compound containing 2 At. ferric salt. 

When iron filings arc digested in an open vessel with an aqueous 
solution of neutral tartrate of potash, an alkaline liquid is obtained,—a 
proof that the oxidized iron sets potash free. (Boufcrori Charlard.) 

Recently precipitated ferric hydrate dissolves readily, without evolu¬ 
tion of gas, in aqueous neutral tartrate of potash, forming a red solution; 
but after having been dried for some time, it dissolves only after long 
boiling, and with slight evolution of gas. (Wertlier.) 

If tartrate of potash contains iron in solution, the iron, in presence of 
carbonate of potash, requires a very large excess of hydrosulphafce of 
potassium to precipitate it completely, but is readily precipitated if the 
carbonate of potash be decomposed by an acid, (Blumenau, Ann. Pharm. 
67, 3 25.) 
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Tartrate op Cobalt. —Red, crystallisable. (Gren.)— Cobalt-salts 
mixed with tartaric acid aro not precipitated by alkalis or tlieir carbo¬ 
nates, (H. Rose.) 

Tartrate of Cobalt and Potassium . — Large rhombo'idal crystals. 

Tartrate op Nickel. — When the boiling aqueous acid is saturated 
•with tbe hydrated oxide or carbonate of nickel, this salt is precipitated in 
greenish white flakes, having a faint metallic taste (Tupputi); as a 
siskin-green crystalline powder. (Werther.) By dry distillation, it 
leaves a black, very soft, non-pyrophoric powder. (Bottger.) It is 
scarcely soluble in water, either hot or cold (Werther), but dissolves in 
tartaric acid. (Tupputi.) Nickel-salts in presence of tartaric acid are 
not precipitated by alkalis or alkaline carbonates. (Id. Rose.) 

Tartrate of Nickel and Potassium. -— Obtained by boiling carbonate of 
nickel with aqueous cream of tartar. Gummy; not crystallisable; ex* 
tremely sweet; easily soluble. (Wohler.) 

Tartrate of nickel dissolves readily in warm aqueous potash or soda, 
and on boiling also in carbonate of soda, with evolution of carbonic acid, 
forming a liquid which solidifies to a pulp on cooling. The solution in 
caustic alkalis, which has a fine green colour, yields no crystals by 
evaporation, but a whitish green gelatinous deposit, which is not deprived 
of all its potash or soda by washing with cold water, and dissolves but 
slowly on boiling. The supernatant liquid is turbid, passes milky through 
the filter, and leaves a gummy mass by spontaneous evaporation. With 
alcohol, the green solution solidifies to a jelly. (Werther.) 

A cold aqueous solution of neutral tartrate of potash or soda dissolves 
hut a small quantity of hydrated oxide of nickel, forming a neutral liquid 
which does not crystallise. (Werther.) 

Cupric Tartrate.— a . Neutral . — 1. Obtained by saturating tbe 
beated acid with cupric oxide. (Trommsdorff.) The salt separates as 
soon as the acid is nearly saturated. (Werther.) — 2. By precipitating 
acetate of copper with tartaric acid, (Trommsdorff,) or sulphate, or chlo¬ 
ride. (Bergman, Opusc. 3, 456.) — 3. By precipitating nitrate or sulphate 
of copper with neutral tartrate of potash, (V. Rose, Werther,) or with 
cream of tartar. (Planch e, J. Pharm. 12, 362.) 

Whitish blue powder (Y. Rose, Trommsdorff); light green powder, 
appearing under the microscope to consist of tables (Werther); blue 
crystals (Bergmann); green crystals (Planche). — The powder gives off 
all its water at 100°, and becomes greenish white. (Werther.) It then 
yields by dry distillation, acetic acid, pyrotartaric acid, and an ompy- 
renmatic oil of agreeable odour (Gruner), and leaves a dark brown mass, 
which, when set on fire in the air by a red-hot coal, burns away and 
leaves oxide of copper (Bottger). The salt, when heated in the air, 
swells np, blackens, gives out a faint odour, and leaves metallic copper 
(Planche), which then burns and forms 37*31 p. c. oxide of copper. 
(Trommsdorff.) — Bright iron immersed in the aqueous solution becomes 
covered, first with a black, and afterwards with a brown-black film of 
copper-iron. (Wetzlar, Pchw. 50, 06.) 

It dissolves in 1715 pts. of cold, and 310 pts. of boiling water* 
(Werther); is insoluble in cold water, but dissolves in more than 1000 
pts. of boiling water, forming a nearly colourless liquid, which becomes 
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turbid on cooling. (TrommsdorfT.) It dissolves in cold nitric acid, but 
is insoluble in tartaric acid, (Planche.) 


Crystalline, 


Dumas & Biria. 

2 CuO . 

. 80 

.... 30*08 

. 29*8 

8 C. 

. 48 

.... 18*04 

. 18*2 

I0H . 

. 10 

.... 3*76 

. 3*8 

16 0. 

. 128 

.... 48*12 

. 48*2 

C 8 H 4 Cu 2 0 12 + 6Aq. 

. 266 

.... 100*00 

. 100*0 

Or: 



Werther. 

2 CuO . 

. 80 .. 

.. 30*08 

.... 29*67 

C 8 H 4 O l0 . 

.... 132 

,. 49*62 


6 HO. 

.... 54 ... 

„ 20*30 .. 

. 20*13 

C 8 H 4 C!u 2 0 12 + 6Aq. 

.... 266 ... 

.. 100*00 



Potassio-cupric Tartrate . — Obtained by boiling the oxide (Thenard) 
or carbonate of copper (TrommsdorfT), with aqueous cream of tartar 
Blue, sweet-tasting crystals (Thenard). The dark blue solution deposits 
metallic copper when evaporated, and leaves an amorphous residue, 
I pt. of which boiled with 3 pts. of cream of tartar and with water, 
yields a green solution, from which, by evaporation, green crystals arc 
obtained, together with a precipitate of copper. 10 pts. of neutral 
tartrate of potash, dissolved in water, likewise take up only 1 pt. of 
tartrate of copper, and the blue solution deposits metallic copper when 
evaporated, but nothing crystalline. (Trommsdorif.) Iron immersed in 
the aqueous solution of this salt is not coppered over, even on boiling; 
but silver in contact with the iron becomes coated with copper at a 
boiling heat. (Wetzlar.) 

Cupric tartrate forms with potash-ley a dark blue solution, from 
which alcohol throws down a crystallizable double salt. (Blanche.) When 
mixed with alcohol, it separates into a dark blue oily layer, and a super¬ 
natant, tliin, pale blue liquid. (Werther.) 

Cupric tartrate dissolves in 2-5 pts. of carbonate of potash (dissolved 
in water), forming a deep blue liquid, which, when evaporated, deposits a 
red powder of copper, a yellowish powder of hydrated cuprous oxide, 
and a powder proceeding from decomposition of the acid, and, ultimately, 
leaves a dark blue, pulverizable, amorphous mass. This mass does not 
become damp on exposure to the air, and is insoluble in alcohol, hut 
dissolves in warm water, forming a splendid blue liquid, which gives no 
precipitate with ammonia or potash, a light blue precipitate with baryta- 
water, lime-water, and neutral acetato of lead, and with sulphuretted 
hydrogen a brown precipitate of sulphide of copper. (TrommsdorfT.) 

Cupric salts mixed with tartaric acid form a clear sky-blue mixture 
with carbonate of potash. 

From the solution of cupric tartrate in soda-ley, alcohol throws down 
thick flakes, which dry up to a light blue powder, and dissolve very 
readily in water, forming a liquid which, when evaporated, deposits 
cuprous oxide, becomes thick and gummy, and ultimately leaves a 
greenish black, amorphous mass. (Werther.) 

Cupric tartrate is nearly insoluble in cold dilute carbonate of soda; 
but in a boiling solution of that salt, it dissolves with violent^ evolution 
of carbonic acid, and forms a deep blue, perfectly neutral, liquid. (If the 
VOL. X. Y 
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boiling be too long'continued, a small quantity of cuprous oxide is pre¬ 
cipitated.) This liquid, evaporated first over tlie water-bath, then, after 
filtering from the cuprous oxide, in vacuo, or over sulphuric acid within 
a receiver containing air, yields small tabular crystals, united in warty 
masses, of a fine blue colour, dissolving with the same colour in water, 
and with peculiar facility in warm water. The neutral solution turns 
green when boiled for some time, but on cooling deposits cuprous oxido 
and recovers its blue colour; it is not precipitated by alkalis, but the 
mixture, after standing for some time, deposits cuprous oxide and a 
black carbonaceous substance. Alcohol precipitates the salt from its 
aqueous solution in the form of a light blue powder. In the formation of 
these crystals, 3 At. cupric tartrate appear to decompose with 4 At. 
soda into 2 At. of the crystals and 1 At. tartrate of soda; but the mother- 
liquor, which is coloured brown from partial decomposition, does not 
yield the latter salt. (Werther.) 


Blue tables . 

4 


Werther. 

NaO . 

. 31‘2 „ 

... 9-01 ... 

. 9*10 

3 CuQ. 

. 120*0 .. 

... 34*66 .. 

. 33-86 

C 8 H 4 Q 10 . 

. 132-0 

... 38-13 .. 

. 38*31 

7 HO . . 

. 63*0 . 

... 18*20 .. 

. 18*65 

2 CuO,C s H‘ l NaCu0 12 + 7Aq? . 

. 340*2 . 

... 100*00 .. 

. 99-92 


Mercurous Tartrate. — 1 . When 1 pt. of mercurous oxide is 
heated with 2 pts. of tartaric acid dissolved in water, the temperature 
being ultimately raised to 75°, the solution deposits white crystalline 
scales on cooling, hut a considerable quantity of mercury remains dis¬ 
solved. (Harff. Br. Arch . 5, 269.) The greater part of the mercurous oxide is, 
however, lesolved into metallic mercury and mercuric oxide. (Burckhardt.) —2. By 
precipitating a dilute solution of mercurous nitrate with free tartaric 
acid. (Burckhardt, IF. Br, Arch . 11, 257.) — 3. By triturating together 
the crystals of mercurous nitrate and neutral tartrate of potash, with, 
addition of water (H. Bose, Bogg. 53, 127,) or by mixing the aqueous 
solutions of the two salts. (V. Bose, Carbonell, & Bravo, J. Qhim. mccL 
7, 161.) The precipitate remains suspended at ordinary temperatures, 
but is immediately deposited on heating the liquid. (Werther.) — The 
precipitate, after being washed with cold water, must be dried in the 
dark. 

Soft, white, shining needles or scales, or white crystalline powder, 
having a metallic taste. The salt contains, according to Burckhardt, 
72-45, according to Harff, 74-07 p. c. mercurous oxido. When exposed 
to light, it turns yellow, grey, and black (at least when it is moist. Harff.) 
It inturnesees strongly in the fire, giving off acetic acid, (but no formic,) 
and leaving charcoal. When heated with potassium, it decomposes with 
fire, but without noise. (Burckhardt.) When boiled with water, it does 
not dissolve, but turns greyish, from reduction of metal, the wafer at the 
same time taking up a small quantity of mercuric salt. (H. Rose.) Potash 
or soda immediately separates mercurous oxide from it. (Werther.) — In 
boiling concentrated sulphuric acid, it dissolves completely, with dark 
Brown colour, in the dilute acid partially. It dissolves readily in nitric 
acid, even when dilute ; with boiling hydrochloric acid it forms -a 
small quantity of corrosive sublimate. It dissolves readily, especially 
while still moist, in concentrated acetic acid and in aqueous tartaric acid, 
but not in water, alcohol, or ether. (Burckhardt.) 
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Mercuric Tartrate. — 1 . Mercuric oxide is digested with the 
aqueous acid, and the resulting white powder separated from the un¬ 
altered oxide by levigation. (Burckhardt.) — 2, Mercuric acetate (or 
nitrate, according to Werther,) is precipitated by the free acid or its 
soda-salt. (Burckhardt.)— When mercuric nitrate is precipitated by an alkaline 
tartrate, the precipitate is contaminated with a basic nitrate. (Burckhardt.) — White, 
very light powder, having a metallic taste. (Burckhardt.) — Yellowish 
white fine grains. (Werther.) At 100°, the salt contains 58*45 p. c. 
mercuric oxide (Burckhardt), 60*50 p. c. (Harff.) It does not blacken 
by exposure to light. When heated, it blackens, swells up, and is 
resolved into carbonic acid, empyreumatic acetic acid, mercury, and 
charcoal. When heated with potassium, it decomposes with noiseless 
fire. (Burckhardt.) Caustic potash separates from the salt, a reddish- 
black mixture of mercuric and mercurous oxides (Werther), yellow mer¬ 
curic oxide. (Harff.) It is nearly insoluble in cold oil of vitriol, hut 
dissolves with brown colour in boiling oil of vitriol. It dissolves readily 
in dilute nitric acid, in strong acetic acid, and in tartaric acid, forming 
liquids which are not precipitated by ammonia, carbonate of ammonia, 
potash, or soda. It does not dissolve in water, alcohol, or ether, even 
at a boiling heat. (Burckhardt.) It dissolves very sparingly in pure 
water, but abundantly, and with precipitation of corrosive sublimate, in 
water containing sal-ammoniac, together with common salt. (Mialke.) 

Basic Ammonio-mercarous Tartrate. — a . White . — The solution of 
mercurous tartrate is supersaturated with ammonia, and filtered from the 
scanty grey precipitate; the excess of ammonia which had held the basic 
salt in solution, driven off from the filtrate by gentle evaporation; this 
basic salt freed from nitrate and tartrate of ammonia, by washing with 
a small quantity of cold water, and dried over the water-bath in the 
dark. — White powder, of saline metallic taste. Blackens quickly when 
exposed to light. When heated, it gives off carbonic acid, empyreu- 
matic ammoniacal vapours, and mercury, and leaves a trace of charcoal. 
It is not altered, even by immersion in boiling potash or soda. It dis¬ 
solves in cold oil of vitriol, in hot nitric and in strong acetic acid. It 
does not dissolve in water, either hot or cold, but, especially while still 
moist, in an aqueous solution of pure ammonia, or of nitrate or tartrate 
of ammonia. (Burckhardt.) 

b. Blade , — Mercurous tartrate suspended in water, treated with 
ammonia, and washed, yields when dried a black tasteless powder, which 
contains 86*27 p. c. mercurous oxide; yields globules of mercury when 
moistened and rubbed in the hand; gives off a largo quantity of ammonia 
when treated with potash; dissolves in nitric acid with the exception of 
a white powder; and in acetic acid with separation of mercurial globules; 
and is insoluble in water, alcohol, and ether. (Harff.) 

Ammonio-rriercuric Tartrate. — a. Basic. — a. Mercuric tartrate sus¬ 
pended in water is decomposed by ammonia, then washed and dried in 
the shade. White powder having a metallic taste. It contains 77'85 p. c. 
mercuric oxide. When ignited, it gives off ammonia, mercury, and 
oxygen gas [II], and leaves charcoal. When boiled for some time with 
water, it turns yellow. With potash it assumes a yellow colour, and 
gives off ammonia. Oil of vitriol turns it yellow, and partially dissolves 
it. It dissolves easily in hydrochloric acid, scarcely at all in cold nitric 
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acid, almost entirely in hot nitric acid, in 1000 pts. of water, in 455 pts. 
of alcohol, not in ether. (Harff.) 

fi. Mercuric oxide is boiled with aqueous tartrate of ammonia and 
excess of tartaric acid; the filtrate precipitated by dilution with water; 
and the precipitate washed and dried at 100° in the dark. The whito 
metallic-tasting powder blackens on exposure to light. It intumesces 
when heated, giving off carbonic acid, empyreumatic ammoniacal vapours, 
afterwards acid vapours and mercury, and leaves a trace of charcoal. 
With boiling potash it gives off ammonia. Dissolves easily in nitric, 
acetic, and tartaric acid, but is insoluble in water, alcohol, and ether. 
(Burckhardt.) 

b . Neutral .—Formed by boiling mercurous or mercuric oxide with 
acid tartrate of ammonia, or by dissolving mercuric tartrate in neutral 
tartrate of ammonia. Is best prepared by the last mentioned process, 
the liquid being boiled to saturation and filtered hot. On cooling, the 
salt crystallizes in small, transparent,* colourless, four-sided prisms, 
having a saline and afterwards harsh metallic taste. These prisms do 
not blacken when exposed to light; they swell up strongly in the fire, 
becoming carbonized and giving off ammoniacal vapours, empyreumatic 
acetic acid, and mercury. With boiling potash, they give off ammonia. 
They dissolve in cold oil of vitriol. They dissolve readily in water both 
hot and cold, but are insoluble in alcohol and ether. The aqueous 
solution yields a red precipitate with potash, a white turbidity with 
carbonate of potash, nothing with ammonia or carbonate of ammonia. 
(Burckhardt.) 

Potassio-mercurous Tartrate. — 1. Obtained by boiling 1 pt. of mercu¬ 
ric oxide with 6 to 8 pts. of cream of tartar and with water, till the whole 
is nearly dissolved, then filtering hot, and cooling. (Moimet, Burckhardt.) 
The crystals thus obtained consist entirely of mercurous salt, whereas if only 3 pts. of 
cream of tartar are used, the reduction does not take place. (Burckhardt.) — 2. By 
boiling mercurous oxide or mercurous tartrate with excess of cream of 
tartar.—White, translucent, very small prisms, having a metallic taste 
and reddening litmus. The salt blackens quickly when exposed to light. 
When heated, it intumesces, gives off empyreumatic acetic acid, carbonic 
acid, and mercury, and leaves a large quantity of charcoal. It is inso¬ 
luble in cold water, dissolves sparingly in boiling water, readily in nitric, 
acetic, and hot tartaric acid, from which latter it separates unaltered on 
cooling. (Burckhardt; comp. Carbon ell & Bravo, T. Chim. med. 7, 101; 
J. Pharm . 19, 620.) 

Potassio-mercuric Tartrate. — 1. Prepared by adding mercuric tartrate 
to a boiling solution of neutral tartrate of potash as long as it dissolves, 
filtering hot, and cooling to the crystallising point. (Burckhardt.) — 
2. By digesting mercuric oxide with water and cream of tartar, and 
evaporating the filtrate till it crystallises. (Harff.) —Small, white, trans¬ 
lucent prisms (shining, according to Harff), which have a metallic taste, 
and redden litmus. (Burckhardt.) The salt intumesces when heated, 
giving off empyreumatic acetic acid, carbonic acid, and mercury, and 
leaving carbonate of potash mixed with charcoal. (Burckhardt.) Its 
aqueous solution is coloured red by potash, white by carbonate of potash 
or soda, and is not precipitated by ammonia or carbonate of ammonia. 
(Burckhardt.) The crystals turn yellowish with potash, whito with 
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ammonia. They dissolve completely in warm oil of vitriol witli blacken¬ 
ing. They dissolve in hydrochloric and in nitric acid. (HarfF.) They 
arc nearly insoluble in cold water, dissolve more readily in hot water, 
also in various acids and in neutral tartrate of potash; not in alcohol or 
ether. (Burckhardt.) They dissolve in ether. (Harff.) 

Tartaric acid forms with oxycyanide of mercury a crystallisable salt, which is 
resolved by water into a soluble and an insoluble salt. (Johnston, viii, 16.) 

Tartrate of Silver. — Precipitated on mixing neutral tartrate of 
potash (not the free acid) with nitrate of silver. (Y. Rose.) With cold 
dilute solutions of nitrate of silver and Rochelle salt acidulated with a 
very small quantity of nitric acid, the precipitate is curdy and amor¬ 
phous; boiling hot dilute solutions turn brown when mixed, and deposit 
brown lamina of silver. But if a moderately concentrated solution of 
Rochelle salt be added to a dilute silver-solution of 80°, till the precipitate 
which at first continually redissolves, begins to become permanent (a 
small portion of the silver-salt must remain undecomposed), the mixture 
on cooling yields delicate scales, which, after thorough washing, have a 
white metallic lustre like polished silver, and at 15° exhibit a sp. gr. of 
3‘4321. (Liebig & Redtenbacher, Ann. Pharm. 38, 132.) — White crys¬ 
talline powder, having a silky lustre, and free from alkali when thoroughly 
washed. (Werther.) The salt blackens on exposure to light. (Y. Rose.) 
When gently heated, it gives off pyrotartaric and carbonic acid, without 
intumescence or spirting, and leaves a shining mass of spongy silver free 
from alkali. The dry salt is quickly decomposed by dry chlorine gas, 
with evolution of beat and formation of chloride of silver. (Liebig.) 
The heat produced by the decomposition gives rise to the evolution of 
empyreumatic products; chlorine gas passed through water in which 
tartrate of silver is suspended, produces carbonic acid gas, chloride of 
silver, and unaltered tartaric acid; part of this acid has therefore been 
converted into carbonic acid. (Erdmann, J. pr . Chem. 25, 504.) When 
dry ammoniacal gas is passed at a gradually increasing temperature over 
the salt previously dried at 100°, the salt becomes suddenly brown 
and black, and when the temperature reaches 70°, gives off dense fumes 
of pure carbonate of ammonia, and leaves a black residue with partial 
metallic lustre, from which water extracts a large quantity of tartrate of 
ammonia, while a black carbide of silver, containing 7*5 p. c, carbon, 
remains behind. (Erdmann.) The solution of tartrate of silver and 
aqueous ammonia deposits silver on boiling, partly in the specular form, 
and afterwards on cooling yields an ammoniacal salt, which dissolves 
in water loss easily than the tartrate, and whose aqueous solution forms 
with potash-salts, a non-erystallinc precipitate, which dissolves in hydro¬ 
chloric acid less easily than tartrate ‘of lime, and is precipitated from 
that solution by ammonia, even while the liquid still reddens litmus 
strongly. Hence another acid appears to be formed. (Werther.) 
Casselmann did not obtain this reaction. — Cold potash or Soda-ley added to 
tartrate of silver throws down oxide of silver (Werther); but only half 
the total quantity, because a tartrate of silver and pqtassium or sodium 
is formed. (Gay-Lussac & Liebig.) The salt is nearly insoluble in water. 
(V. Rose, Werther.) 

The presence of tartaric acid does not protect silver-salts from pre* 
cipitation by fixed alkalis. (H. Rose.) 
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8C .. 

. 48 

... 13-19 

Liebig. 

4 H. 

. 4 

... 1*10 


2 Ag. 

. 216 .. 

... 59-34 .... 

.... 59*294 

12 O . 

. 96 

... 26-37 


C # H 4 Ag 2 O la . 

. 364 . 

... 100*00 



According to Thenard, there exists a tartrate of silver and potassium, which is 
obtained as a white insoluble powder by digesting silver-oxide with cream of tartar. 
Liebig however did not succeed in preparing it; for on boiling the silver-oxide with 
cream of tartar, carbonic acid was evolved, and from the liquid which had become 
neutral, acetate of silver crystallised on cooling; and by precipitating nitrate of silver 
with a very large excess of neutral tartrate of potash, he obtained on cooling, silver- 
shining laminae of tartrate of silver free from potash. [This does not agree with the 
statement of Gay-Lussac & Liebig above-quoted.] 

Argento-chromic Tartrate . — Obtained like the corresponding lead-salt, 
which it resembles in properties and stoichiometrical constitution. 
(Berlin.) 

Argento-antimonic Tartrate . — Obtained by precipitating nitrate of 
silver with tartar-emetic. (Wallquist.) The precipitate lias the samo 
composition, whether obtained from cold or from hot solutions; the latter, 
when heated to 150° in a current of dry air, gives off 4-28 p. c., and at 
160°, with reddish yellow colouring, 4*4 p. c. (2 At.) water in all. A trace 
of potash is found in the ignited residue. (Dumas & Pina.) 


Dried at 160°. 


AgO . 108 

SbO 3 . 153 

8 C . 48 

2 H. 2 

8 O . 64 


Dumas & Pina. 

.... 28*80 . 28*05 

... 40*80 

.... 12*80 . 12*43 

... 0*53 

.... 17-07 


C s H 2 Ag(SbO s )0 10 . 

.. 375 ... 

100*00 

AgO .... 

Air-dried* 

.. 27-48 

Dum. & 
Piria. 

SbO 3 .... 

. 153 . 

.. 38*93 


8 C . 

. 48 . 

.. 12*22 

12*18° 

4 H . 

. 4 . 

.. 1*02 

. 1*08 

10 0. 

. 80 . 

.. 20*35 


C a H s Ag(SbO 2 )O 13 ... 393 . 

.. 100*00 



Wallquist. 

27-31 

36-04 


Tartrate of Palladium. — The neutral tartrates of the alkalis 
form a light yellow precipitate with nitrate of palladium. (Berzelius.) 

Tartaric acid dissolves readily in Wood-spirit and in Alcohol . The 
latter solution, according to Pelouze, does not redden litmus. 

Concentrated solutions of tartaric acid and Urea form, after a while, 
a crystalline precipitate. (Gin.) 

The solution of Glycocol in the aqueous acid mixed with absolute 
alcohol, deposits an oil, which is not altered by repeated agitation with 
alcohol, -and dries up to a gum on exposure to the air. (Horsford.) 

Tartaric acid combines with organic alkalis, forming crystallisable 
salts. Tartrate of asparagine forms very beautiful crystals. (Pasteur.) 
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Metatartaric Acid, 
C 8 H c 0 13 = C 8 H G 0 6 ,0 G . 


Braconnot. (1831.) Ann. GMm . Phys . 48, 299; also 64, 338; 

also Poyy. 26, 322. 

Erdmann. Ann Pharm. 21, 9. 

Laurent & Gerhardt. Compt. Chim. 1849, 1 & 97; also Ann. Pharm. 

70, 348; also J. pr. Chem. 46, 360; abstr. Gom.pt. rend. 27, 318. 

Amorphous Tartaric Acid , Metatartersdure } amorphe Weimaure, Acide metatar - 
trique . 

Formation and Preparation. Tartaric acid, pulverised and dried at 
100°, is heated in the oil-bath to 170°—180°, till it just begins to melt, 
and then immediately removed from the fire. (Laurent & Gerhardt.) — 
If the melting be too long continued, the product becomes mixed with 
tartralic acid. If it is not continued long enough, only 0*20 p. c. water 
is given off; at a few degrees above the melting point, more water 
escapes. But the evolution of a little water is not essential to the con¬ 
version of tartaric into metatartaric acid. When 60 pts. of tartaric acid 
are melted for an hour in a flask with 2 or 3 pts. of water renewed as it 
evaporates, so that the flask always contains more than 60 pts., a viscid 
mass is obtained, which is no longer tartaric, hut a mixture of meta¬ 
tartaric and tartralic acids; for its solution in a very small quantity of 
water, mixed with a little ammonia, solidifies to acid metatartrate of 
ammonia, its solution neutralised with ammonia, forms, with a concen¬ 
trated solution of acetate of lime, but only after a few minutes, a pre¬ 
cipitate, which consists of inetatartrate of lime, and does not exhibit any 
crystals of tartrate of lime when examined by the microscope; and the 
liquid filtered from the precipitate, yields, when alcohol is added to it 
drop by drop, a scmi-viscid precij)itate of tartralato of lime, easily solublo 
in water; lastly, the fused mass neutralised with chalk, with addition of 
water, yields a noutral filtrate, which, when boiled, becomes very acid (in 
consequence of tartralate of lime remaining in solution), and deposits 
crystals of metatartrate of lime. (Laurent & Gerhardt.) — Braconnot 
exposes tartaric acid for a second to a strong heat, till it melts and swells 
up.--Erdmann melts tartaric acid at 120° [docs it melt at that tempe¬ 
rature 7], till it forms, with intumescence and loss of water, a transparent 
colourless syrup, which, when placed upon a cold surface, no longer 
solidifies to a turbid crystalline mass (from admixture of tartaric acid), 
but to a clear glass. This acid, obtained by Erdmann, appears to have contained 
tartralic and tartrclic acids. (Laurent & Gerhardt.) 

Pi operties. Transparent, vitreous or gummy mass. (Erdmann, Laur. 

Gcrh.) When softened by heat, it may be drawn out into capillary 
threads. (Braconnot.) According to Pasteur, its solution exerts upon 
polarised light the same rotatory action to the right as tartaric acid. 
Tartaric acid poured immediately after fusion into a quadrangular glass 
box and solidified, likewise turns the plane of polarisation strongly 
towards the right, so long as it is hot; at ordinary temperatures, however, 
it deflects but feebly to the right, and at 0° to the left. (Biot & Laurent, 
Gompt. rend. 29, 681.) 
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Motatartaric acid is isomeric witli tartaric acid. (Erdmann, Laurent 
& Gerhardt.) 

Decompositions* The acid, when exposed to a continued gentle heat, 
is partially reconverted into crystalline tartaric acid. (Laurent & Ger- 
hardt.) When exposed to the air, it deliquesces to a syrup, which 
changes to crystalline tartaric acid. Its concentrated aqueous solution 
evaporated over oil of vitriol within a bell-jar containing air, deposits 
crystals of tartaric acid, the formation of which is accelerated by the 
presence of a little sulphuric acid. (Erdmann.) Its solution neutralised 
with potash, deposits, on addition of alcohol, a transparent oil, which 
gradually crystallises to neutral tartrate of potash. Ammonia acts in a 
similar manner. (Laurent & Gerhardt.) 

Combinations. The acid dissolves readily in water, and is very deli¬ 
quescent. (Braconnot, Erdmann, Laurent & Gerhardt.) 

The Metatartrates differ in form from the tartrates, and dissolve more 
readily in water, (Laurent & Gerhardt.) 

Metatartrate of Ammonia — a. Neutral. — On neutralising the acid 
with ammonia, a salt is produced, which behaves, sometimes like meta- 
tartrate, sometimes like tartrate. (Laurent & Gerhardt.) 

b. Acid. — Formed by adding to the concentrated solution of the 
acid, a quantity of ammonia not sufficient to neutralise it, and washing 
the crystalline precipitate which appears after a few seconds, first with 
water containing a little alcohol, and then with alcohol. — Shining 
rhombic and six-sided laminae, often aggregated in such a manner as to 
form re-entering angles. From its solution in lukewarm water, the salt 
may be recrystallised without alteration, but on boiling it changes into 
acid tartrate of ammonia. It dissolves in water much more readily than 
the latter, and the solution does not precipitate lime-salts. (Laurent & 
Gerhardt.) 


8 C... 

.. 48 . 

... 28*74 

Laurent & 
Gerhardt. 
. 29-0 

N... 

.. 14 . 

... 8'38 . 

. 8*0 

9 H . 

. 9 . 

... 5-39 . 

. 5*4 

12 O. 

. 96 . 

... 57-49 . 

. 57*6 

C 8 H 5 (NH 4 )0 13 . 

. 167 . 

... 100-00 . 

. 100*0 


Metatartrate of Potash. *—• The neutral salt cannot be prepared. (Laurent &, 
Gerhardt.) It is amorphous and gummy, and becomes moist on exposure to the air. 
(Braconnot.) — Acid. — Metatartaric acid added in excess to solution of 
potash, throws down a fine, non-granular powder, which is as sparingly 
soluble as cream of tartar. (Braconnot.) Crystals exhibiting the same 
appearance and reactions as those of the ammoniacal salt; they contain 
20*3 p. c. potash, and are therefore = C 8 H 5 K0 1S . (Laurent & Gerhardt.) 

Metatartrate of Soda, — Neutral. — Uncrystallisable, gummy, deli¬ 
quescent. (Braconnot.) 

Metatartrate of Soda and Potash. — Crystallisahle, like Rochelle salt. 
(Braconnot.) 
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Mekitariraie of Baryta . — The aqueous acid forms a precipitate with 
excess of baryta-water, but not with baryta-salts. The ammonia-salt 
precipitates baryta-salts, but the precipitate does not appear till after 
some time, if the solutions are dilute. (Erdmann.) — The salt is obtained 
by precipitating a baryta-salt with neutral metatartrate of ammonia. 
Globules aggregated in masses. The salt dried at 160° contains 44’8 
p. c. barium and 2 At. water, and is therefore = C 8 H 4 Ba 2 0 12 + 2 Aq. 
It dissolves in water much more readily than tartrate of baryta. 
(Laurent & Gerhardt.) It is easily soluble in excess of the acid. 
(Erdmann.) 

Metatartrate of Lime — The hot aqueous acid saturated with carbo¬ 
nate of lime, gradually becomes turbid as it cools, and deposits a viscid, 
transparent, tasteless mass, which may be drawn out into threads, dries 
up to a transparent gum permanent in the air, and when heated with 
water or dilute acetic acid, again acquires the consistence of turpentine 
without sensibly dissolving. Its solution in warm metatartaric acid 
leaves a transparent, brittle, rather acid salt, which, when kept for some 
time under water, is converted into granular tartrate of lime. (Braconnot.) 
The aqueous acid gives a precipitate with excess of lime-water, but not 
with lime-salts. The ammonia-salt precipitates lime-salts, but after a 
time only if the solutions are dilute. (Erdmann.) — Metatartrate of lime 
is obtained by precipitating a lime-salt with neutral metatartrate of 
ammonia in concentrated solutions. In dilute solutions the precipitate talces 
some time to form ; the acid ammonia-salt gives no precipitate. — The precipitate, 
which is floeculent at first, soon becomes granular, and then appears under 
the microscope, to consist, partly of granules, partly of prisms, having one 
end rounded and the other perpendicularly or obliquely truncated. The 
salt dried at 230°, = C 8 H 4 Ca 2 0 12 ; after drying at 160°, it contains 19*35 
p. c. calcium, and is therefore = C 8 H 4 Ca 2 0 12 + 2Aq; and the air-dried 
crystallised salt contains 15*35 p. c. calcium, gives off 27*10 p. c. water 
at 240°, and is therefore = C 8 H 4 Ca 2 0 12 4- 8Aq, the same therefore as 
air-dried tartrate of lime. (Laurent & Gerhardt.) — The once-crystallised 
salt dissolves in a large quantity of cold water, and but slowly in boiling 
water, being thereby converted into tartrate. The cold aqueous solution 
forms, with ammonia, a large quantity of flakes (soluble in excess), which 
become crystalline. Cold water to which a small quantity of hydro¬ 
chloric or nitric acid is added, dissolves the salt abundantly, and when 
neutralised with ammonia, deposits it after a while unaltered. But the 
hydrochloric acid solution of the salt dried at 220°, yields by precipita¬ 
tion with ammonia., rectangular octohcdrons of tartrate of lime. (Laurent 
& Gerhardt.) When metatartaric acid, somewhat supersaturated with 
ammonia is mixed with chloride of calcium and then with a quantity of 
water sufficient to redissolve the precipitate, the whole of the salt 
crystallises out, after a few hours, as tartrate of lime. (Erdmann.) 

MetataHrate of Magnesia. — The solution of magnesia in the acid, 
leaves a varnish when evaporated. (Braconnot) 

Metatartrate of Lead. — Even the free acid forms with nitrate or acetate 
of lead, a white precipitate containing 60*13 to 60*48 p. c. lead-oxide. 
The precipitate obtained on adding the acid not quite neutralised with 
ammonia to nitrate of lead, is insoluble in cold, and very sparingly soluble 
in boiling water, from wliich it is deposited in flakes on cooling, It 
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dissolves easily in metatartaric and other acids, also in ammonia. 
(Erdmann.) 

With sulphate of copper, metatartrate of ammonia forms no precipi¬ 
tate at first, but the mixture, after a while, deposits tartrate of copper. 
(Erdmann.) 


Isotartaric Acid. 

C 8 H 6 0 ls =C 8 PI fi 0 8 ,0 4 ? 

Edm. Fremy. (1838.) Ann. Ghim. Phys. 68, 353; also Ann, Pharm . 

29, 142; also J. pr. Chem. 16, 322. Further: A 1 '. Ann . Ghim. Phys . 

31, 329; Ann. Pharm. 78, 297; abstr. Pharm. Centr. 1851, 937; 

Jahresber, 1851, 407. 

Laurent & Gerhardt. Corapt. chim. 1849, 6 & 105; also Ann. Pharm. 

70, 354; also J. pr . Chem. 46, 365. — Gerhardt. Compt. chim. 

1851, 182. 

Tar tri Is dure (Liebig); formerly called Tartralic Acid by Fremy j Acicle isotar - 
irique. (Laurent & Gerhardt.) 

Formation. By melting tartaric acid at a temperature above the 
point at which it is converted into metatartaric acid. — The tartaric acid 
then gives off water. (Fremy.) This loss is not essential, and isotar¬ 
taric acid is formed, together with metatartaric acid, even when 60 pts. 
of tartaric acid are fused with 2 or 3 pts. of water, and the water con¬ 
tinually renewed, so that the mass constantly weighs more than 60 pts. 
(p. 327). When the tartaric acid was fused without water, till the loss of 
water amounted to 3*04 p. c, there remained a mixture of isotartaric 
and metatartaric acids, and when the fusion was continued till the loss 
amounted to 7*2 per cent, there remained a mixture of isotartaric (or 
tartralic,) and tartrelic acids, perfectly soluble in water, and, therefore, 
free from anhydrous tartaric acid. (Laurent & Gerhardt.) — IT. According 
to Biot, (JV, Ann. Chim . Phys. 28, 215, 351,) tartaric acid, in all the phases 
through which it passes before arriving at its final anhydrous state, 
exerts, when the solid mass is dissolved in cold water, instantly the same 
amount of rotatory action on polarised light as the crystallised acid in 
its unaltered state. The absolute rotatory power, as well as the law of 
dispersion, (p. 271,) appear to be the same for the modified as for the 
crystallised acid. Biot regards these facts as confirmatory of Laurent 
and Gerhardt’s view, that tartaric acid, when heated, does not undergo 
any chemical change, till it passes to the condition of the anhydrous 
acid. IT.—2. A mixture of tartaric acid and sugar deliquesces in the 
air to a no longer crystallisable syrup, in which the greater part of the 
tartaric acid is converted into tartralic [isotartaric?] acid. For after 
saturating the filtrate with carbonate of lime, and filtering again to 
. separate tartrate of lime, alcohol added to the filtrate throws down 
tartraiate [isotartrate] of lime, the aqueous solution of which deposits 
tartrate of lime on boiling. (A. Yogel, Jun. Lepert. .92, 325.) 

Preparation. 1. A few grammes of tartaric acid aro heated for some 
time m a porcelain basin to 200°, stirring all the time, during which 
treatment the acid should not turn yellow, and should give off water, but 
• no acid vapours. The residual mass (which however is only a mixture,) contains 
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34*09 p. c. 0 , 3*92 H and 61*99 0 . This mass, which contains only traces of 
tartrelic acid, is dissolved in water, and neutralized with carbonate of lime, 
the filtrate decomposed by sulphuric acid, and the filtered solution of 
the acid evaporated. (Freray.) — IT. In tho Traiie de Ghimie gene rale of 
Pelouze & Fremy, 2me Ed. 1855, tom. 2, pp. 225, 226, it is stated that 
tartaric acid heated to 200°, yields, not tartralic or isotartaric acid, but 
tartrelic acid; that isotartaric acid, tho acid whose salts have tho formula 
C 8 H 5 M0 12 or MO,C 8 H 5 O n is obtained, as well as metatartaric acid, by 
heating tartaric acid to 170°; and that tartralic acid, l£HO,C 8 H 4 0 10 is 
formed by heating tartaric acid to 190°. ®[f. — When tartaric acid is heated 
for some time to its boiling point, but not high enough to make it froth, 
there remains a mixture of metatartaric, isotartaric, and tartrelic acids, 
which, when dissolved in water, and saturated with chalk, yields tartre- 
tale of lime in the form of a precipitate of pitchy consistence, and a 
filtrate which does not redden litmus; but from this filtrate, alcohol throws 
down isotartrate of lime mixed with metatartrate, by the analysis of 
which mixture, Fremy obtained an incorrect analysis of tartralatc 
[isotartrate] of lime. The metatartaric acid in this lime-salt may bo 
recognized by the character that, when dissolved in water after drying, 
it leaves crystalline ?netatartrate of lime: for when the acid separated 
therefrom is mixed with a small quantity of ammonia, it forms, after a 
a few hours, crystals of acid metatartrate of ammonia. (Laurent & 
Gerhardt.) 

2. To obtain the lime-salt in a state of perfect purity, tartaric acid 
is heated till it froths; dissolved in cold water; neutralized or slightly 
supersaturated with ammonia; mixed with concentrated acetate of lime; 
and alcohol dropt into the clear mixture, while the liquid is stirred with 
a glass rod: the viscid precipitate then collects together, and settles down 
to the bottom in tho form of a nearly colourless oil. — If the alcohol be 
too rapidly added, the salt is precipitated in flakes, which do not unite, 
and must therefore be washed on a filter, during which process they 
suffer partial decomposition; it is also necessary not to precipitate tho 
wholo of the salt by the alcohol. — The oil, after the watery liquid has 
been decanted, is well kneaded with fresh alcohol, and boiled for a few 
seconds, whereupon it suddenly hardens as if it had become crystalline, 
although no crystalline structure can be perceived in it by tho microscope, 
then comminuted with tho rod, rinsed three times with alcohol, and dried 
between paper. (Laurent & Gerhardt.) 

Properties. Not crystallisablc; tastes somewhat loss sour than tar¬ 
taric acid. (Fremy.) 

The acid is highly deliquescent. (Fremy.) 

The hotartrates [the tartralates of Frcmy’s earlier investigations,] 
have in the neutral state the formula C 8 H 5 M0 12 . (Laurent & Gerhardt.) 
Perhaps therefore = C 8 H 5 M0 8 ,0 4 , — In the dry state, they are unalter¬ 
able, but in the state of aqueous solution, they pass, with especial 
rapidity when heated, into the state of acid tartrates (Fremy), meta¬ 
tartrates. (Laurent & Gerhardt.) i- 

Isotartrate of Ammonia. — When tartrelic acid is added at ordinary 
temperatures to alcoholic ammonia, which must remain somewhat in 
excess, isotartrate of ammonia is precipitated in the form of an oil, 
which may be washed with alcohol. This oil is deliquescent: When 
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heated, it gradually solidifies without evolution of ammonia, from forma¬ 
tion of acid metatartrato of ammonia, with which it is metameric. 
Fremy. (Laurent & Gerhardt.) 

Isotartrate of Tolasli. — Obtained in a similar manner. Not crystal- 
]usable; deliquescent; contains 20*3 p. c. potassium, and is therefore 
= C 8 H 5 K0 13 . Partially converted, by gentle heat, into acid metatar¬ 
trate of potash. (Laurent & Gerhardt.) 

Isotartrate of Baryta. — Aqueous isotartaric acid is saturated with 
carbonate of baryta, and the salt precipitated from the filtrate by alcohol. 
It dissolves sparingly in water, and contains 43*5 p. c. baryta. (Fremy.) 
According to what is above stated, this salt likewise contains metatar¬ 
trate of baryta. (Laurent & Gerhardt.) 

Isotartrate of Lime. — (For the preparation rid. supra.) The salt 
dissolves very readily in cold water, even that which has been dried at 
150°, and contains but a trace of metatartrate of lime; the neutral solu¬ 
tion turns sour when boiled, neutral metatartrate of lime separating out, 
and free metatartaric acid remaining in solution : 

2C s H s Ca0 12 = C e H 4 Ca 2 O l: + C 8 H 6 0 12 . 

Alcohol precipitates the salt from its aqueous solution in thick flakes, 
which, when collected on a filter, dry slowly in the air, and yield an 
acid viscid mass by partial conversion into m eta tartrate and free acid. 
(Laurent & Gerhardt.) — The salt which was obtained by Fremy, and, 
according to Laurent & Gerhardt, was contaminated with metatartrate, 
dissolves sparingly in water, and is precipitated therefrom by alcohol. 
The aqueous solution is neutral, turns acid in a few hours at ordinary 
temperatures, and quickly on boiling, depositing granular crystals of tar¬ 
trate of lime. (Fremy.) 





Laur. & Gerh. 
at 160°. 

Fremy. 

8 C. 

.. 48 . 

... 28*40 



5 H. 

5 . 

... 2 96 



Ca . 

.. 20 . 

... 11*84 

. 11*2 ... 

. 16*36 

12 0 . 

.. 96 . 

. . 56*80 



C 8 H 5 Ca0 12 ... 

. 169 . 

... 100*00 




[Fremy deduced from his analysis, the formula C 8 H 4 0 10 , 1$ Ca.O (ykL inf.) 

Isotartrate of Lead . — Obtained by precipitating nitrate of lead with 
the free acid, washing the precipitate quickly on a filter with cold water, 
and drying it quickly between paper, afterwards in vacuo. (Fremy.) — 
If the precipitation be performed with the potash or ammonia salts, the 
precipitate always retains a certain portion of the alkali-salt. (Fremy.) 
— The moist precipitate is completely converted into tartrate of lead, 
even by 24 hours’ contact with water. (Fremy.) — The pure lime-salt 
forms with neutral acetate of lead a white precipitate insoluble in water. 
(Laurent & Gerhardt.) 


Fremy. 

PbO . 54*55 to 52*61 

C... 16*74 „ 17*40 

H . 1-14 „ 1-43 

O . 27-27 „ 28-56 


100-00 .... 100-00 
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Isotartrate of Copper. — Tho clear mixture of the potash-salt with 
acetate or sulphate of copper, yields, on addition of alcohol, a pale green, 
somewhat crystalline precipitate, which becomes glutinous when spread 
out on blotting paper, and, after drying at 150°, contains 17*9 p. c. copper, 
therefore = C 8 H 5 Cu0 12 . (Laurent & Gerbardt.) 

Isotartrate of Silver . — The lime-salt forms with nitrate of silver a 
white precipitate soluble in a large quantity of water. (Laurent & 
Gerbardt.) 

The acid dissolves in Alcohol. (Fremy.) 

IT. _ Tartralic acid. — C 8 H 4 O 10 ,liHO or 2C 8 H 4 O 10 ,3HO. — Obtained, 
according to Fremy’s latest statement ( Traite de Chimie generate, par 
J. Pelouze et E. Fremy, Par. 1855, iv. 226), by heating tartaric acid 
to 190°. 

Fremy had formerly stated (Ann. Pharm . 78, 304) that this acid is formed at 
170° ; but he now agrees with Laurent & Gerhardt in asserting that the product formed 
at that temperature is the monobasic acid, isotartaric acid. 

The acid is deliquescent and uncrystallisable. 

Fremy. 

8 C. 48*0 .... 33-0 33-3 

51 H. 5*5 . . 3*7 3-4 

Hi O. 92*0 .. . 63*3 63*3 

C 8 H 4 O 10 ,l£HO .... 145*5 .100-0 . 100-0 

The general formula of the iartralates is C 8 H 4 O 10 ,l |MO or 2C 8 H 4 0 10 , 
3MO. When treated with excess of base, they are converted into 
tartrates. By boiling with water, they are resolved into tartratos and 
free tartaric acid. The tartralates of baryta, strontia, and lime are 
soluble in water. 

Tartralate of Lime, —obtained by boiling tartaric acid, either till it is 
only partially converted into tartralic acid, or till the formation of 
tartrelic acid has commenced, dissolving the product in cold water, 
saturating with carbonate of lime, precipitating the filtrate with alcohol, 
and drying the precipitate, first in vacuo, and afterwards at 200°,— 
yields by analysis 23*7 p. c. lime, the formula C 8 H 4 O 10 ,l4CaO requiring 
24T p. c. (Fremy, Ann. Pharm. 78, 314.) 

Tartralate of Lead, —prepared by dissolving the lime-salt in cold 
water, decomposing with oxalic acid, precipitating tho tartralic acid with 
neutral acetate of lead, and washing the precipitate with cold water,— 
or by treating tartrelate of ammonia with excess of ammonia to convert 

into tartralate, and precipitating with neutral acetate of lead, — 
yielded by analysis 55*2 and 55*9 p. c. PbO, while the formula G 8 H 4 O 10 ? 
l|PbO requires 56*0 p. c. (Fremy.) % 


Tartrelic Acid. 

C 8 H 4 O 10 = C 8 H 4 Q 6 ,0 4 . 


E, Fremy. (1838.) Ann. Chim. Phys. 68, 367j also Ann. Pharm. 
29, 152; also J. pr. Chem . 16, 331.—Further: F. Ann . Chim. 
Phys. 31, 329; Ann. Pharm , 78 , 315. 
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Laurent & Gerhardt. Corrupt. Chim, 1843, 9, & * 101- also Ann, 
Pliarm. 70, 356; also J, pr. Chem. 46, 368. 

TartreUilure, Isotartrinsclure, Acide tart r clique, Acide isotartridique , Acide 
iartariquc anhydre soluble. 

Formation . By keeping tartaric, or tartralic, or isotartaric acid in 
a state of continued fusion at 180°, [or 200° according to the latest 
statements (p. 331).]—After the tartaric acid lias lost by fusion ij- At. 
water, it is converted into tartralic acid = C 1( ’H n 0 23 , and when by 
continued fusion it has lost \ At. more of water, it becomes tartrelic 
acid = C 8 H 5 0 u . (Fromy.) — Tartaric acid must give off 2 At. water in 
the formation of tartrelic acid; for the latter is isomeric with tartaric 
anhydride (C 8 H 4 0 10 ), and when heated for a longer time to 180°, 
passes, without further loss of water, into that substance. (Laurent & 
Gerhardt.) 

Preparation. By heating tartaric acid to 180° [200°] till all the 
tartaric acid is converted into tartrelic, but not long enough or strong 
enough to produce tartaric anhydride. (Fremy.) — By heating tartaric 
acid over the open fire quickly and with agitation, till, in about six 
minutes, it thickens and swells up into a spongy mass. (Laurent & 
Gerhardt.) 

Properties. Slightly coloured, easily crystallisable, strongly acid, 
(Fremy.) — [Deliquescent, and uncrystallisable. (Fremy, Traite de Ghimie , 
P. and F. 1855, iv, 226.)] 

Calculation accorMng to Calculation according to Fremy. Fremy. 

8 C . 48 ™ .* 36-36 8C . 48 .... 34‘04 .... 34-56 

4 IX . 4 .... 3-03 5 H . 5 .... 3*55 .... 3*72 

10 O . 80 .... 60*61 11 0 . 88 .... 62*41 ... 61*72 

C 8 H 4 0 10 .... 132 .... 100*00 C 8 H 5 O u .... 141 .... 100*00 .... 100*00 

Decomposition. — The acid dissolved in water is converted, slowly at 
ordinary temperatures, quickly on boiling, first into tartralic [or isotar¬ 
taric], then into tartaric acid. (Fremy.) When made to unite with 
potash, it immediately forms isotartrate of potash. (Laurent k Gerhardt.) 

C s H 4 0 10 + HO + KO = OTFKO 12 

Combinatmis, With Water. The acid is deliquescent, but much less 
so than tartralic acid. (Fremy.) 

The Tartrelates or Isotartrides contain at most but 1 At. base 
= C 8 H 3 M0 10 . To obtain them, it is best to decompose an acetate with 
the free acid, because, when that acid is brought in contact with a free 
alkali, an isotartrate is produced. — In contact with water, the tartre¬ 
lates are converted, first into tartralates, and then, with elimination of 
acid, into tartrates. (Fremy.) — Tartrelic acid is distinguished from 
tartralic acid by the syrupy precipitates which it forms with the acetates 
of baryta, strontia, and lime, whereas tartralic acid does not precipitate 
those salts. (Fremy.) 

The tartrelates of Ammonia ,, Potash } and Soda are precipitated from 
their aqueous solutions by alcohol. Dry ammoniacal gas passed into a 
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solution of tartrelic acid in absolute alcohol, forms a precipitate of acid 
tartrelate of ammonia. (Fremy.) The potash-salt ==C 8 H 3 K0 10 . (Laurent 
& Gerhardt.) 


Tartrelate of Baryta. — The aqueous acid added to acetate of baryta 
throws down this salt in the form of a syrup, (Fromy.) It does not 
precipitate nitrate of baryta. The syrup is insoluble in water. (Laurent 
& Gerhardt.) 


Laur. & G. 
at 150°. 


Fremy. 


8 C . 48*0 ... 24*05 

3 H. 3-0 .... 1-50 

Ba . 08-6 .... 34-37 33*6 .... 33*57 

10 O . 80-0 .... 40-08 


C 8 H 3 Ba0 10 . 199-6 .... 100*00 


Tartrelate of Strontia. — Prepared in a similar manner. Contains 
24-7 per cent, of strontium, and is therefore = C 8 H 3 Sr0 10 . (Laurent & 
Gerhardt.) 


Tartrelate of Lime. — The aqueous acid added to acetate of lime, 
throws down this salt in the form of a syrup. (Fremy.) As an excess 
of tartrelic acid exerts a decomposing action on the salt, the concern 
trated aqueous acid must be added to the concentrated solution of acetate 
or hydrochlorate of lime, with constant stirring, and only in such quantity 
that a part of the latter may remain undecomposed ; and the precipitated 
syrup, after the watery liquid has been poured off, must be quickly 
washed with alcohol, whereby it is hardened. The salt is so sparingly 
soluble in water, that acetate of lime diluted to such an extent that it is 
no longer clouded by neutral tartrate of ammonia, still shows turbidity 
when mixed with tartrelic acid. (Laurent & Gerhardt.) 



Calculation , according to Laurent 


Laur. & Gerh. 



Sf Gerhardt. 


at 160°. 

8 

C . 

. 48 .... 

31-79 


3 

IX ... 

. 3 .... 

1-98 



Ca . 

. 20 

13-25 

. 12-95 

10 

O. 

. 80 .... 

52-98 



OHFCaO 10 . 151 .... 100-00 


Calculation according to Fremy. 


Fremy. 

at 120°. at 110°. 


8 C . 

4 H ... 

Ca ,............... 

11 O . 

.... 48 .. 

.... 4 .. 

.... 20 .. 

.... 88 .. 

.. 30*0 . 

... 2-5 . 

... 12-5 . 

. 55*0 .. 

. 30-3 ... 

. 2*3 ... 

. 12-1 .... 

. 55-3 ... 

. 30-6 .... 30-8 
. 2*5 

. 12*4 .... 12*0 

. 54*5 

C 8 H 4 Ca0 10 . 

. 160 . 

... 100-0 . 

. 100-0 ... 

. 100*0 


Dried in vacuo. 


Fremy. 

8 C........ 


. 48 

.... 28*4 

........ 27*7 

5 H. 


. 5 

.... 2*9 

. 3*5 

Ca . 


. 20 

.... 11*8 

. 11*2 

12 0 . 


. 96 

... 56*9 

. 57*6 

C s H 4 Ca0 10 + Aq. 

. 169 

.... 100-0 

. 100*0 
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PRIMARY NUCLEUS C 8 H li2 : OXYGEN-NUCLEUS C 8 H G 0«. 


Tartrelate of Lead, — a. Wlien the dry acid is heated with excess of 
oxide of lead, a quantity of water is given off, about sufficient to produce 
C 8 H 2 Pb 2 0 10 . For, 100 pts. of tartaric acid heated to intumescence, then 
triturated with 100 pts, lead-oxide and a small quantity of alcohol, and 
desiccated in a stream of dry air at 150°, give off 16*7 p. c. water. This 
tumefied acid, when heated alone, gives off an additional 1 to 2 per cent, 
of water; consequently, the water produced from the lead-oxide amounts 
to only 15*7 to 14*7 per cent. If C 8 H 2 Pb 2 0 10 be hereby produced, then, 
according to calculation, 100 pts. of tartrelic acid should give off 13*65 
pts. of water. 132 (tartrelic acid); 18 (2 At. Aq) = 100 : 13*65. 
(Laurent & Gerhardt.) 

b. The aqueous acid is poured into ail aqueous solution of neutral 
acetate of lead, which should remain in excess, and the white precipitate 
quickly washed with alcohol, because otherwise metatartrate or tartrate 
of lead, will be formed, in which the quantity of load is larger. (Laurent 


<& Gerhardt.) 






Laur. & G. « w , 
at 150°. Fiem y- 

8 C. 

. 48 . 

... 20*43 

19*48 

3 H. 

. 3 . 

... 1*28 

1*82 

Pb . 

. 104 . 

... 44*25 .. 

. 43*9 .... 43*56 

10 O.. 

. 80 . 

... 34*04 

35*14 

C s H 3 Pb0 10 . 

. 235 . 

... 100-00 

100*00 


Tartrelic acid is soluble in alcohol . (Fremy.) 


Anhydrous Tartaric Acid. 

C 8 H 4 O 10 =C 8 H 4 O 8 ,O 2 ? 

E. Fremy. (1838.) Ann. Ghim. Phys. 68, 372; also Ann, Pham. 20, 156; 

also J~. pr. Chem. 16, 335. 

Tartaric Anhydride , wasserfreie Weinsdure, Acide tartarique anhydre insoluble. 

Formation . By heating tartaric acid to 180°, [200°?] till it becomes 
infusible. (Fremy.) — When tartaric acid is heated over the open fire and 
quickly stirred till (in about six minutes) it begins to swell up, and the mass 
then pulverised and again heated for some minutes to 140°—170°, it is found 
to be still perfectly soluble in water, and is therefore still tartrelic acid; 
but after being heated for 10 minutes to 180°, till acid vapours begin to 
escape, the powder is found tG have diminished in weight by 0*32 p. c., 
and to be aggregated in lumps, tasteless, and perfectly insoluble in water. 
The trifling loss, arising chiefly from the evolution of acid vapours, shows 
that tartrelic acid and the anhydride have the same composition per 
cent., and that heat converts the former into the latter, not by elimi¬ 
nation of water, but by transposition of atoms. (Laurent & Gerhardt, 
Compt. Chim. 1849, 101.) [At first, C 8 H 4 0 6 ,0 4 ; afterwards C 8 H 4 0 8 ,0 2 ; 
so that 20 pass into the nucleus, and the monobasic acid is transformed 
into an aldide ?]. 

Preparation . 15 or 20 grammes of pulverised tartaric acid is heated 

in a basin over an open charcoal fire, so that in the course of 4 or 5 
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minutes it passes through the fused into the tumefied state, and then 
heated for a few seconds in the oil-hath to 150°. By rapid heating, the 
anhydride is obtained more nearly colourless, and the subsequent heating in the oil- 
bath causes it no longer to swell up when immersed in water, but remain pulverulent. 
The pulverised residue is washed with water till the wash-liquid no 
longer reddens litmus, in order to free it from admixed tartrelic acid, then 
well pressed between paper, and dried in vacuo at ordinary temperatures. 
If it were dried hy heat, the water which still adheres to it would repro¬ 
duce tartaric acid. (Fremy.) — Crystallised tartaric acid may bo com¬ 
pletely transformed into the anhydride by heating it for several hours in a 
stove to 190°. (Trade de Chimie par Pelouze et Fremy , 1855, iv, 227.) 


Properties. White powder, or yellowish if it has been heated too 


long; of very slightly acid taste. (Fremy.) 


Fremy. 


8 C. 48 . . 36-36 37*08 

4 E . 4 .... 3-03 3*23 

10 O. 80 .... 60*61 59-69 


C s H l 0 10 . 132 .. 100-00 . 100*00 


Decompositions. The anhydride is converted, in a few hours when 
immersed in cold water, and quickly in boiling water, into tartrelic, tar- 
tralic, and tartaric acid successively; it dissolves quickly in aqueous 
potash, but is not precipitated therefrom hy acids, because it exists in the 
solution as one of the three acids just mentioned. (Fremy.) 

Combinations. The anhydride is at first insoluble in cold water. 
(Fremy.) 

It absorbs Ammoniacal gas, with evolution of heat. (Fremy.) When 
ammoniacal gas is passed over the anhydride moistened with alcohol, a 
thin syrup forms below the alcohol, and may bo washed with alcohol, 
dissolved in water, and precipitated therefrom by alcohol. The aqueous 
solution does not precipitate chloride of calcium; but on addition of 
alcohol and application of heat, a glutinous precipitate is formed, which, 
when quickly washed with cold water, dissolved in warm watei*, and 
rcprocipitatcd by alcohol, contains 10*91 p. c. lime, and 1*9 nitrogen, 
numbers from which it is not possible to calculate a formula. If the 
aqueous solution of the syrup be precipitated by bichloride of platinum, 
the liquid filtered from tlio chloroplatinate of ammonium gradually 
deposits, when boiled, a new precipitate of the chloroplatinate. (Laurent, 
iV. Ann. Chim. PJiys . 23, 110; also Compt. rend. 20, 513.) 

The anhydride is insoluble in alcohol and in ether; but after being 
washed with alcohol, it retains a small quantity of that body in com¬ 
bination, which cannot be expelled by heat without decomposition. 
(Fremy.) 


Vol. st. 
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PRIMARY NUCLEUS CW 2 : OXYGEN-NUCLEUS C 8 U 8 0 6 . 


Conjugated Compounds of Tartaric Acid . 

Tartromethylic Acid. 

C 10 H 8 O 12 = C 2 H 4 0 3 ? C 8 H i 0 1 °, 

Dumas & Peligot. (1835.) Ann. Chim. Phys. 61, 200. 

Guj£rin- V arry. Ann. Chim. Phys . 62, 77; also Ann. Pharm. 22, 248; 
also J '. pr. Chem. 9, 376. 

Dumas <fc Piria. N.Ann . Chim. Phys. 5, 373; also -4wn. Pharm 44, 83. 

Methyltartersdure , Methylweinsaure, Weinmethylensciure, A tide tartromethy- 
lique. 

Formation. Tartaric acid dissolves more readily in wood-spirit than 
in alcohol, and converts it with greater facility into the conjugated acid. 
(Guerin.) 

Preparation. 1 pt. of tartaric acid is dissolved in 1 pt. of absolute 
or hydrated wood-spirit at a boiling heat, the solution evaporated to a 
syrup at a temperature below 100°, the syrup left to evaporate freely, 
and the resulting crystals dried in vacuo. (Guerin.) 


Properties. Colourless right prisms, heavier than water, fusible, 
inodorous, of acid, not sweet taste. (Guerin.) 


Crystals. 


10 C . 60 .... 36*58 

8 It . 8 .... 4*88 

12 O . 96 . 58*54 


Guerin. 

36*94 

4*88 

58*18 


Dumas & 
Piria. 
36*6 
5*2 


C 10 H 8 O 12 . 164 . . 100*00 . 100*00 ... 100*0 


Decompositions. 1 . The acid melts when subjected to dry distillation 
giving off water, wood-spirit, acetate of methyl, and a heavy liquid 
which, however, does not contain oxalate of methyl. — 2. It burns with 
a flam© like that of wood-spirit. — 3. When boiled for some time with 
water, it is resolved into wood-spirit, which evaporates, and a residue of 
tartaric acid — not so quickly, however, as tartrovinic acid,—and crystal¬ 
lizes from its aqueous solution by spontaneous evaporation in its original 
state. (Guerin.) 

Combinations. The acid scarcely becomes moist when exposed to tho 
air, hut dissolves very readily in cold water, and in all proportions in 
boiling water. (Guerin.) The Tartromethylaies or Mcthylotartraks = 
C 10 H 7 M0 12 = C 2 H 3 M O 2 , C 8 H 4 0 10 . 

Tartromethylate of Potash.—Neutral. — Obtained by precipitating 
the baryta-salt with a slight excess of sulphate of potash, evaporating the 
filtrate to a syrup, dissolving in alcohol, and leaving the filtrate to 
evaporate. Colourless, tasteless, right rectangular prisms, which give off 
4*2 p. c. water in vacuo over oil of vitriol. At 150°, they soften and 
turn yellowish, and at 200° give off water, carbonic acid gas, olefiant gas, 
and a fluid mixture of water, wood-spirit, acetic acid, acetic ether, and 
a syrupy substance. They dissolve much more readily in hot than in 
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cold water, are insoluble in absolute alcohol, and in 95 per cent, spirit. 
(Guerin.) 

Crystals. Guerin, Dumas &Piria. 

KO . 47-2 .... 23-35 22-23 

IOC. 60-0 .... 29*67 28*79 .. 30*35 

7 H . 7-0 ... 3-46 3-76 .... 3*90 

11 0 . 88-0 .... 43-52 45*22 

C%10 13 . 202*2 .... 100-00 100-00 

Gu6rin supposes the crystals to contain 1 Aq. more. 

Acid 7 — An excess of the acid forms with potash a milky liquid, 
which becomes clear on the addition of a large quantity of water. 
(Guerin.) 

Tartromethylate of Soda. — An excess of the acid forms with soda 
(not with sulphate of soda), an abundant granular precipitate, which dis¬ 
solves in a large quantity of water. (Guerin.) 

Tartromethylate of Baryta. — The acid forms with baryta-water, a 
precipitate which dissolves on addition of a slight excess of acid. To 
obtain the neutral salt, the above-mentioned heated solution of tartaric 
acid in wood spirit, is saturated with carbonate of baryta, and the filtrate 
left to crystallise by spontaneous evaporation. Colourless, shining right 
prisms, bevelled with two faces, and having a bitter taste. Between 
150° and 160°, they yield a syrupy distillate, having an odour of garlic, 
and containing water, wood-spirit, acetate of methyl, and a substance 
which crystallises on evaporation, and is soluble in water. They decom¬ 
pose by boiling with water, more readily than the potash-salt. They 
are more soluble in hot than in cold water, insoluble in absolute alcohol, 
and in 95 p. c. spirit. (Guerin.) Dumas & Peligot, by mixing a solu¬ 
tion of tartaric acid in wood-spirit, with a solution of baryta in wood- 
spirit, obtained the salt in the form of a gelatinous precipitate, which 
was washed with absolute wood-spirit, since when, washed with water, 
it was converted into granular tartrate of baryta. 

Dumas & Peligot. 


BaO.. 

. 76*6 .. 

.. 31*83 .... 

.... 30-8 

10 C. 

. 60-0 .. 

.. 24-94 .... 

.... 23*9 

8 II. 

. 8*0 .. 

.. 3*33 .... 

3*0 

12 0. 

. 96-0 .. 

.. 39-90 .... 

.... 42*3 


C 10 M7BaO 13 +• A q . 210-6 .... 100*00 . 100*0 

The acid forms with Strontia-water or Lime-water , a pi-ecipitate 
which dissolves in a slight excess of the acid; the lime-salt also in a 
large quantity of water. (Guerin.) 

It dissolves Zinc and Iron , with evolution of hydrogen. (Guerin.) 

Tartromethylate of Lead. — The acid forms, with an aqueous solution 
of neutral acetate of lead, a flocculent precipitate, which, in presence of 
excess of the acid, changes to a powder consisting of flat prisms. 
(Guerin.) 

Tartromethylate of Silver. — From a concentrated silver-solution the 
acid throws down flakes, which are insoluble in excess of the acid, but 
sparingly soluble in water. (Guerin.) 

Tartromethylic acid dissolves readily in Wood-spirit and AIcohol, but 
sparingly in Ether. (Guerin.) 


z 2 
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Tartrovinic Acid. 

C 13 H 10 0 12 =C*H°0 2 ,C 8 Ii 4 0 10 . 


TnojtMSDORPF A. Tr. 24, 1, 11. 

GimtiN V arry. Ann. Chim. Phys. 62, 57; also Ann. Pharni. 22, 207; 

also Jpr. Ohem. 9, 361. 

Weintortenaure , Aetherwemsciure, Acide tartarovimqne. First observed by 
Morian {A. Tr. 23, 2, 43,) in 131-1, afterwards recognised as to its composition by 
Trommsdorff, and more accurately investigated by Guerin. 

Formation . 1. By mixing tartaric acid, crystallised or dissolved in a 

small quantity of water, with strong alcoliol. The saturated solution of 
tartaric acid in absolute alcohol forms tartrovinic acid, when set aside 
for 23 days even at ordinary temperatures, but much more if con¬ 
tinuously heated. Spirit of 90 per cent, likewise produces this acid. 
(Trommsdorff.) 

Preparation . 1. Pulverised tartaric acid is dissolved in an equal 

weight of boiling absolute alcohol; the solution kept for six hours at 
60° to 70°; the resulting yellowish syrup diluted with water and satu¬ 
rated with carbonate of baryta; the solution filtered from the small 
quantity of tartrate of baryta formed at the same time, concentrated at 
40° to 50°, again filtered to separate the fresh quantity of tartrate of 
baryta thereby formed, and left to evaporate; the resulting crystals of 
tartrovinate of baryta dissolved in water and decomposed by the exact 
quantity of sulphuric acid required; and the filtrate evaporated in 
yacuo over oil of vitriol till it crystallises. (Guerin.) When baryta-water 
is used instead of the carbonate, a larger quantity of tartrate of baryta is precipitated. 
(Guerin.) — 2. A solutiou of tartaric acid in an equal weight of boiling 
absolute alcohol, is left to evaporate to f in a retort between 60° and 70°; 
and the syrup, which no longer contains any free tartaric acid, diluted 
with a small quantity of water, and left to evaporate till it crystallises. 
(Guerin.) 

Properties . Long, colourless, oblique rhombic prisms, heavier than 
water; they soften at 30°, and at 90° melt to a syrup, which up to 140°, 
when decomposition begins, becomes continually thiuner. Inodorous; 
and has a sweet and agreeably sour taste. (Guerin.) Morian and Tromms- 
dorfF, by evaporating tartaric acid mixed with excess of alcohol, obtained a residue 
which coagulated to a soft curdy mass, or by further evaporation, a residue of the 
consistence of turpentine. 


12 C . 

Crystals. 

. 40-15 ... 

Guerin. 

.. .. 40*90 

10 H. 

. 10 . 

... 5*62 ... 

. 5*71 

12 0 .... 

. 96 

.. 53-93 ... 

. . 53*39 

C'-H'OQ 1 - ... 

. 178 . 

100-00 . 

.... 100*00 


Decompositions. 1. The acid heated in a retort begins to give off 
fumes, and appears to boil at 1 65 J ; it then emits carbonic acid, carbu- 
retted hydrogen, water, alcohol, acetic acid, and acetic ether; the 
residue left after heating to 180° contains an acid resembling rnota- 
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tartaric acid; on further heating to 200°, an empyreumatic oil passes 
over, together with a liquid resembling acetone; and there remains 
charcoal, together with pyrotartaric acid and an oil. (Guerin.) — 2. The 
acid set on lire in the air, burns with a flame like that of alcohol, and 
the odour of burnt tartaric acid. (Guerin.) — 3. Distilled three times 
with water (TrommsdorlT), or boiled for ten hours with 40 pts. of water 
(Guerin), it gives oh* all its alcohol and leaves ordinary tartaric acid. — 
When diluted with water and exposed to the air, it becomes somewhat 
mouldy, but deposits crystals of tartrovinic acid. (Guerin.) The acid 
diluted with a small quantity of water, and exposed to the air in a fiat 
dish, deposits ordinary tartaric acid. (Morian.) — 4. Gently heated with 
nitric acid, it emits red vapours, together with carbonic and acetic acid, 
and leaves oxalic acid. (Guerin.) — 5. It dissolves without effervescence 
in oil of vitriol, and afterwards gives off on evaporation, carbonic acid, 
sulphurous acid, sulphuretted hydrogen, acetic acid, and traces of oil of 
wine. (Guerin.) 

Combinations. The acid is highly deliquescent and dissolves very 
readily in Water . (Guerin.) 

The Tartrovinates in the dry state =C 12 H°M0 13 =0 4 H 5 M0 a ,C 3 H 4 0 ]() . 
They generally crystallise well, are inodorous, and unctuous to the 
touch. When set on fire, they burn with an alcoholic flame, and yield 
by dry distillation, carbonic acid, olefiant gas, water, alcohol, acetic 
acid, acetic ether, and a small quantity of empyreumatic oil, leaving 
charcoal, and, in the case of the alkali-salts, if the heat has not been too 
strong, a pyrotartrate. Heated with alkalis to 160°—170°, they give 
off alcohol, acetic ether [?], and a very bitter oil; when boiled for a long 
time with water, they are converted into acid tartrates, the alcohol 
evaporating. They almost all dissolve readily in water, sparingly in 
strong, more readily in weak alcohol. (Guerin.) 

Tartrovinale of Ammonia . — The acid exactly neutralised with car¬ 
bonate of ammonia yields by spontaneous evaporation, silky needles, 
which appear to be rhombic prisms. (Guerin.) 

Tartrovimte of Potash. — a. Basic — Eight-sided prisms acuminated 
with several faces, and having an alkaline reaction. 

b. Neutral . — Obtained by precipitating the baryta-salt with sul¬ 
phate of potash, evaporating tho filtrate to a syrup, dissolving the syrup 
in alcohol, filtering from the sulphate of potash, and leaving the liquid to 
evaporate. Colourless prisms belonging to tho right prismatic system. 
Fig. 66, without the iJ-face and the two small faces above t ; y : u = 
101° 5'; y:m = 112° 39'; y : y = 134° 41'; u : vl = 59 J 52'; u;m = 
119° 56'; cleave easily parallel to m; in very small crystals, every alter¬ 
nate pair of the y- and u -faces disappears. (Prevostaye, N. Ann . Chim. 
Fhys. 3, 139; comp. Bernhardi, N. Tr. 7, 2, 60.) — the crystals soften 
at 200 3 , and melt at 205°; their taste is very slightly bitter. They 
give off 4 p. c. water in vacuo, and leave when burnt, 38-45 p. c. car¬ 
bonate of potash. Their aqueous solution moderately heated in the air 
gives off alcohol, and deposits cream of tartar, the quantity of which 
increases by continued boiling. They are insoluble in wood-spirit and 
in cold alcohol of 95 p. c. but dissolve very sparingly in boiling absolute 
alcohol. (Guerin.) 
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Crystallized . 


Gudrin. 

Dumas & 
Piria. 


KO. 

. 47-2 .. 

.. 20*96 .... 

. 20-78 


12 

C. 

. 72-0 .. 

.. 31*97 ... 

. 32*20 , 

, . 33.9 

10 

H .... 

. 10-0 .. 

.. 4*44 ... 

. 4*44 , 

.... 4*5 

12 

O. 

. 96*0 .. 

.. 42*63 ... 

. 42*58 



C 12 H°K0 12 + Aq. 225*2 ....100-00 . 100*00 

Dumas & Piria (N. Ann. Chim. Phys . 5, 375), in accordance with their analysis, 
suppose the crystals to contain no water ; but they probably do contain it. 

Tartrovinate of Soda. — Prepared like the potash-salt. Colourless, 
rhombic, rectangular lamina). (Guerin.) 

Tartrovinate of Baryta. — The acid dropt into baryta.-water, forms a 
precipitate of basic salt easily soluble in nitric acid, which, as soon as the 
mixture becomes neutral, disappears with the exception of a slight 
turbidity; but with a larger quantity of acid, a fresh precipitate is 
formed, less soluble in nitric acid. Preparation (p. 340). Colourless, slightly 
bitter, oblique rhombic prisms and nacreous tables. (Guerin.) Rhombic 
prisms of 126° to 127°, bevelled with two faces resting on two lateral 
faces at angles of 105° to 106’. (Prevostaye.) The crystals give oil’ 
7T5 p. c. water in vacuo; they soften at 190° and melt at 200°, giving 
off an odour of alcohol and ether. They dissolve in 2*63 pts. of water 
at 23°, in 0*78 pt. of boiling water, are insoluble in wood-spirit and 
absolute alcohol, but dissolve sparingly in spirit of 95 per cent. (Guerin.) 


Crystals. Guerin. 

BaO . 76*G . . 29*06 .. . . 28-78 

22 C . 72-0 .... 27*32 27*56 

11 H . 11-0 ... 4*17 4*22 

13 O . 104*0 . . 39*45 . 39*44 


C i: H n Ba0 12 + 2 Aq. 263-6 .... 100*00 . 100*00 

Guerin supposes the crystals to contain 1 Aq. less. 

Strontia-water is not precipitated by the acid in any proportion (Guerin). 

Tartrovinate of Lime. — The acid added to an excess of lime-water 
throws down a basic salt. — The neutral salt is obtained in the same 
manner as the corresponding baryta salt. Colourless rectangular prisms 
and laminm. The crystals contain 5 At. water, undergo the aqueous 
fusion at 100°, the igneous at 210°, and decompose at 2 1 5°. (Guerin.) — 
Trommsdorff, by evaporating the aqueous solution of the lime salt, 
obtained a turpentine-like mass,, which, when digested with dilute sul¬ 
phuric acid, gave off a spirituous odour, and yielded a filtrate whence 
ordinary tartaric acid was deposited in crystals. 

Tartrovinate of Zinc. — Zinc dissolves in the aqueous acid with 
evolution of hydrogen, and the solution yields colourless rectangular 
prisms, unctuous to the touch. (Guerin.) ° 

Tartrovinate of Lead. — The acid forms with aqueous neutral acetate 
of lead, small colourless prisms, which have a pearly lustre when dry, 
are insoluble in aqueous tartroyinic acid, but dissolve in nitric acid, 
(Guerin.) 
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Iron dissolves iu tlie aqueous acid, with evolution of hydrogen. 
(Guerin.) 

Tartrovinate of Copper. — The solution of cupric oxide in the heated 
aqueous acid yields blue, silky, efflorescent needles containing 6 At. 
water. (Guerin.) 

Tartrovinate of Silver. — 1. The free acid forms with nitrate of silver, 
a precipitate which does not dissolve in excess of acid. — 2. By mixing 
the concentrated solution of the potash or baryta-salt with excess of 
silver-solution, a needle-shaped precipitate is obtained, which must be 
washed in the dark with cold water and dried below 50°, after which it 
suffers no further loss in a dry vacuum. The white needles when 
exposed to light, assume a rose-red, afterwards a darker-red, and lastly 
a brown colour. They decompose at 100°, whether alone or under 
water. They are slightly soluble in water. (Guerin.) 

Gu6rin. 


12 C . 

.... 72 .... 

. 25*26 

9 H . 

. 9 . 

3*16 

Ag . 

... . 108 .... 

, 37*89 . 

12 0 . 

. .. 96 . . 

. 33*69 

C 1J H 9 AgO l - . 

. 285 .. 

. 100*00 


Tartrovinic acicl dissolves very readily in alcohol , but not in ether. 
(Guerin.) 


Tartrate of Ethyl. 

C ie H 14 0 13 =2C 4 H 5 0,C 8 H 4 0 ,c . 


Demondesir. Compt. rend. 33, 227; Ann. JBharm. 80, 301. 

Vinic or Ethylic Tartrate , Tartaric ether. 

IT. Formed by passing hydrochloric acicl into an alcoholic solution 
of tartaric acid, neutralizing the acid liquid with a carbonate, and 
agitating several times with ether, which dissolves out the tartrate of 
ethyl, and leaves it behind when evaporated. Tartaric ether thus 
obtained is a liquid which acts upon polarized light. It supports a high 
temperature without decomposing, but when heated to a certain point, 
yields considerable quantities of pyrotartaric acid; it is completely 
decomposed by dry distillation. When treated with ammonia, it yields 
tartramic ether or tartraniide, according to the time for which tho action 
is continued. It mixes in all proportions with water. (Dcmondesir.) IT. 

Scheele ( Opusc . 2, 142} did not succeed in any way in preparing a compound of 

this nature. v , , , . ...... , « 

Thenard (Mem. d’Arcueil, 2, 13), by beating 7 pts. of alcohol with G pts. of 
Tartaric acid and 2 pts.'of oil of vitriol till ether began to form; then diluting witl.vatei; 
neutreUsing exactly with carbonate of potash ; evaporating to dryness: exhausting the 
residue with cold alcohol; and evaporating the filtrate: obtained a brown, inodorous, 
somewhat bitter, neutral syrup, which, when heated, gave off thick vapours smelling 
of garlic and left a non-alkaline charcoal, together with a large quantity of sulphate of 
potash [probably proceeding from sulphovinate of potash], which residue was resolved 
by distillation with aqueous potash into alcohol and tartiate of potash, and dissohed 
very readily in water and alcohol. 

Tartrate of Methyl, C 13 H 10 O 13 = 2C 3 H 3 0,C 8 H 4 0 10 , is prepared in a 
similar manner to tartrate of ethyl. (Demondesir.) 
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T. Tartramic Acid C 8 NH’0 10 . 

Laurent* Compt Chim . 1845, 153. 

Demondesir. Compt, rend, 33, 227. 

Formation. 1. By tho action of ammonia on anhydrous tartaric 
acid, (Laurent). — 2. By the action of ammonia on tartaric ether. 
When tartaric ether is treated with alcoholic ammonia, tartramate of 
ethyl, or tartrametliane i3 produced; and this compound carefully 
treated with alkalis, yields tartramic acid. (Demondesir.) — There are 
two varieties of this acid, corresponding to, and obtained from, the two 
opposite varieties of tartaric acid (p. 365). They crystallise in rhombic 
prisms of the same form, but with opposite hcmikedral faces. 
(Pasteur.) 

Calculation . 


8 C . 48 . . 32*21 

N. 14 .... 9*39 

7 H . 7 .... 4*09 

10 O . 80 ... 53*71 


C 8 NH 7 0-° . 149 .... 100*00 


Acid tartrate of ammonia minus 2 At. water: C 8 NH 7 O 10 =C 8 H 5 (NIi 4 )O 12 —2HO. 

By the continued action of ammonia, tartramic acid is converted into 
tartramide. 

Tartramate of Ammonia is obtained by passing a current of ammo- 
niacal gas over anhydrous tartaric acid moistened with alcohol. Two 
strata of liquid are then formed, the upper of which is alcohol, while the 
lower contains tartramate of ammonia. — This salt is liquid at ordinary 
temperatures; when heated, it gives off water, and is converted into a 
slightly crystalline solid mass. It dissolves in all proportions in 
water, but is insoluble in alcohol, which precipitates it from its aqueous 
solution in the liquid form. (Laurent, comp, p. 337.) 

Tartramate of Lime. — The aqueous solution of tartramate of am¬ 
monia does not precipitate chloride of calcium; but on pouring alcohol 
into a mixture of the two salts, a copious precipitate is formed, which 
agglutinates by boiling. The aqueous solution of this salt is gradually 
resolved by boiling into ammonia and acid tartrate of lime. It does not 
precipitate bichloride of platinum. (Laurent.) 

Tartramate of Ethyl or Tartrametliane . C 12 NH u 0 10 = C 8 NH 8 (C*H 5 )0 10 
is obtained by the action of an alcoholic solution of ammonia on tartaric 
ether, care being taken that the action does not go too far. (Demondesir.) 


ih Tartramide. C 8 N 2 H 8 0 8 . 

Demondesir. Compt rend. 33, 229. 

Pasteur, Compt. rend. 35, 176; JT. Ann . Chim. Thys. 38, 437. 

Obtained by the prolonged action of ammonia on tartaric ether. 
(Demondesir.) It is a crystallisable body which acts upon polarised 
light. The crystals which form in a solution containing a small quantity 
of ammonia, exhibit hemihedral faces, but those which separate from 
solution in pure water are rarely hemihedral. (Pasteur.) 
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8 C. 


. 48 

.... 32*43 

2 N. 


. 28 

.... 18*91 

8 H. 


. 8 

... 5*40 

.... 43*26 

8 O. 

. 

. (54 

C 8 N 2 H 8 0 B . 


. 148 

.... 100*00 


Neutral tartrate of ammonia minus 4 At. water: C 8 N J H 8 0 s = C s H 4 (NH ,1 ) 2 0 12 — 
411°. 

Tartramiclo exhibits two varieties, one of whicli turns the plane of 
polarization to the right, the other to the left. Both varieties combine 
with active nialamide, (p. 240,) forming compounds which have the same 
composition, but differ m crystalline form and in solubility, that which 
contains the lcevotartramidc being much the more soluble of the two, 
(Pasteur.) 


IT- Nitrotartaric Acid. 

Dessaignes. CompL rend. 34, 731. Ann. Pharm , 82, 362. 

Finely pulverized tartaric acid dissolves rapidly in 4-J- times its 
weight of monohydrated nitric acid; and on mixing the solution with 
an equal volume of oil of vitriol, the mixture coagulates into a firm 
white gelatinous mass of nitrotartavic acid, which, when left for a day or 
two between two plates of porous earthenware under a bell-jar, to 
remove the greater part of the oil of vitriol, yields a light, white, silky 
mass, giving off copious white fumes on exposure to the air. It is purified 
by dissolving it in tepid water, and immediately cooling the solution to 
0°, whereupon the liquid solidifies in a mass of silky interlaced crystals, 
which, when pressed in a funnel, give out a large quantity of mother- 
liquor, and diminish considerably in volume; the purification is com- 
nleted by pressing the crystals between filtering paper. 

The acid is very instable. The crude product first obtained, when 
exposed to a moist atmosphere, gives off copious white fumes of nitric 
acid, and is ultimately reconverted into tartaric acid. Oil saturating the 
acid with ammonia, and heating the solution, after addition of liydro- 
sulphato of ammonia, it decomposes with effervescence, deposits a con¬ 
siderable quantity of sulphur, and the filtered solution yields by concen¬ 
tration crystals of neutral tartrate of ammonia. (Dessaigncs.) 


Appendix to Nitrotartavic Acid. 

Tartronic Acid. C°H 4 0 10 . 

Dessaignes. rid. Memoir above cited. 

Formation and Preparation. By the spontaneous decomposition of 
nitrotartaric acid, either in the state of aqueous solution, or in combination 
with potash or lead-oxide. — An aqueous solution of nitrotartaric acid 
decomposes at a few degrees above 0°, continuing for several days to give 
off carbonic acid and nitric oxide; and if, when this decomposition is at an 
end, the liquid he heated to 40° or 50°, carbonic acid escapes with effer¬ 
vescence, and the nitrotartaric acid is transformed into oxalic. But if the 
temperature be prevented from rising above 30°, very little gas is evolved, 
and the liquid ultimately deposits crystals of tartronic acid. 
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Progenies. Bulky prisms which sometimes remain transparent on 
exposure to tlio air, sometimes become opaque, and assume a fibrous 
texture. The latter crystals give off no water at 100°. 

Crystals dried in vacuo . Dessaigncs. 


G C. 36 .... 30-00 30-00 .... 30*41 

4 II. 4 .... 3-33 3*38 .... 3*64 

10 0. 80 .... 66-67 66-62 .... 60*05 


CHI*0 10 . 120 .... 100-00 . 100-00 . . 100-00 


The crystals melt at 175°, giving off gas and n, mere trace of water, 
and leave an amorphous, very slightly coloured residue, nearly insoluble 
in water. By rapid distillation over a lamp, they yield another acid, 
crystalline, volatile, and easily soluble. 

The aqueous solution of tartronic acid is not altered by boiling. It 
does not precipitate acetate of potash, chloride of barium, chloride of 
calcium, sulphate of magnesia, ferric chloride, or cupric sulphate, even in 
presence of excess of ammonia; but it forms precipitates with nitrate of 
lead, nitrate of silver, mercurous nitrate, and mercuric chloride; also 
with the acetates of baryta, lime, and cupric oxide; the lime-precipitate 
is soluble in sal-ammoniac. 

With Ammonia , tartronic acid forms a neutral and an acid salt, wbeiicc 
it appears to be bibasic, and homologous with malic acid, C 8 H 0 O 10 . — 
The neutral salt forms precipitates with chloride of barium, chloride of 
calcium, and bichloride of platinum, — The acid salt crystallises in 
beautiful prisms. 

Silver-salt. Obtained by precipitating nitrate of silver with the 
aqueous acid. Dried in vacuo . Dessaignes. 


6 C. 

. 36 

.... 10*77 .. 

. 10-74 

2 H. 

. 2 

.. o-co ... 

.... 0-70 

2 Ag . 

. 216 

.... 64-67 ... 

.... 64-56 

10 O. 

. 80 

.... 23-96 .. 

. .. 24-03 

C a tl-'Ag-0 10 ... 

. 334 

.. . 100-00 . . 

... 100-00 


Racemic Acid- 



C 8 H G 0 12 = C»1P0*,0 6 . 

John in his Hand wo rkrbuch der Chemie , 4, 12,5. 

Gay-Lussac. J. Chim. med. 2, 335; also ScJnv. 48, 38, 

Walciiner. Schw. 49, 239, and epistolary communication, 

Berzelius. Pogg. 19, 305; 36, 1. 

Fresenius. Ann. Pharm. 41, 1; 53, 230. 

Wertiier. J. pr. Chem .. 32, 385. 

Pasteur. N. Ann. Chim. Phys. 24, 442. — Compt. rend. 28, 477; 29, 
297. — Further: Compt. rend. 36, 19. 

Biot’s Report upon Pasteur. Compt. rend. 29, 433. 

Artificial Formation of Racemic acid: Pasteur, Compt. rend. 37, 162; 
Inst it. 1853, 257; Arch . Ph. Xat. 24, 83; Pogg. Ann. 9, 504; 
J.pr. Chem. 60. 134; Ann. Pharm. 88, 211; Pharm. Centr. 1853, 
613; Chem. Soc. Qu. J. 6, 277; Chem. Gaz. 1853, 401. 

Paratartaric acid f TJvic acid , Traubensaure , Vogesenmurc > Par alar terswire 
Acide racemique , Acide paratartrique , Acidum uvkum .— Obtained and recog¬ 
nized as a peculiar acid by Kestner, the proprietor of a largo cite- 
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mi cal manufactory at Thann, in tlic Vosges, in the preparation of 
tartaric acid, only in the years 1822—1824, hut in large quantity. It 
remains undecided, -whether the tartar then employed contained the 
racemic acid ready formed, or whether this acid was produced from the 
isomeric body, tartaric acid, by the inode of preparation then employed 
It appears, however, from a communication made to the author by 
Kestner, that the tartaric acid was at that time separated from the lime 
by a considerable excess of sulphuric acid, and that the aqueous acid, 
after being decolorized by chlorine, was, in part, exposed fora considerable 
time to a freezing temperature, the racemic acid then crystallising out, 
whereas the present practice is to evaporate the acid to the crystallising 
point immediately. Since Kestner, in the years just mentioned, likewise 
worked up Italian tartar, and White, a manufacturer of tartaric acid in 
Glasgow, also (about 25 years ago), obtained racemic acid by the use of 
tartar from Naples and Sicily, and from Oporto, it is rather to be sup¬ 
posed that climate lias some influence on the formation of racemic acid in 
the grape. ( Compt . rend. 29, 526, and 557.)—IT. Kestner has since 
(in 1850), obtained small quantities of racemic acid, together with tar¬ 
taric acid, in working French and Tuscan tartar. ( Compt. rend . 36, 17.) 
It appears also from Pasteur’s observations of numerous tartaric acid 
manufactories in Germany, that racemic acid exists in tartar from the 
most various localities, though in variable quantity, and diminishing in 
the refining of the tartar. In Fikentschcr s manufactory at Zwickau, in 
particular, the occurrence of racemic acid in small quantity lias long 
been observed. These observations show, that racemic acid is not so 
rare and isolated a product as was formerly supposed, although it has 
never again been obtained in so largo a quantity as on the occasion of its 
first discovery. Pasteur lias lately shown, that racemic acid may bo 
prepared at pleasure from tartaric acid by an artificial process (rid. inf.). 

Formation. By the action of beat on tartrate of clucbonlue and on 
tartaric ether. When tartrate of cinchonine is heated, the base first 
undergoes alteration, being transformed into cinclionicine and then into 
chinouline (vid. Cinchonine); and afterwards tlio alteration extends to 
the acid, which, in the course of 5 or 6 hours, is partially converted 
into racemic acid. The resinous product is exhausted with boiling water, 
and the filtrate, when cool, mixed with excess of chloride of calcium, 
whereupon it yields an immediate precipitate of racemate of lime. The 
acid separated from the lime-salt thus obtained, exhibits all the proper¬ 
ties of natural racemic acid. — Kaeemie acid is also obtained by heating 
tartaric other; whence it appears that the conversion of tartaric into 
racemic acid does not require the presence of an optically active sub¬ 
stance (such as cinchonine), but that the union of the tartaric acid with 
another body, merely enables it to sustain a stronger heat without 
decomposition. —Antitartarie or laovotartaric acid (p.865), likewise yields 
racemic acid under the same circumstances as ordinary (dextro-) tartaric 
acid. As racemic acid is a compound of these two opposite varieties of 
tartaric acid (vid. p. 365), it appears that the formation of racemic from 
tartaric acid by heat, really consists in the conversion of a portion of 
the dextrotartaric into kevofcartaric acid, or vice versa . (Pasteur.) H. 

By drying at 100° to 150°, crystallised racemic acid is converted into 
the anhydrous acid. 

Properties. White effloresced mass, inodorous, having a stronger acid 
taste than tartaric acid, and reddening litmus strongly. The aqueous 
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solutions of racemic acid and its salts do not act upon polarised light. 
(Biot.) 

Pffiiresced Acid . 

8 C .:. 48 .... 32 

G II . G .... 4 

12 O . 95 .. 61 

——“ 7 ; 77 ;.T.77...7.7T7.T”i 56 TT Too 

The radical theory assumes a hypothetical auliydrous acid=C 4 H 2 0 5 =U. 


Decompositions . 1. After the crystallised acid has given off all its 

water of crystallisation at 150°, it remains unaltered up to 200°, but at a 
higher temperature, melts, and is converted, with effervescence, first into 
paratartralic, then into paratartrelic acid, and lastly, into paratartaric 
anhydride. (Fremy, Ann. Chim. Phys. 68, 378.) The formation of para¬ 
tartralic acid is preceded, without loss of water, by that of an acid which 
corresponds to metatartaric acid, and whose ammonia-salt may be distin¬ 
guished by the microscope from that of racemic acid. (Laurent & Ger- 
bardt, Compt. Chim. 1829, 11 and 504.) — According to Lowig {Pogg. 42, 588), 
racemic acid may, by careful heating, be converted into tartaric acid. — The effloresced 
acid, when subjected to dry distillation , melts, turns grey, swells up, and 
yields exactly the same products as tartaric acid. (Berzelius, Pelouze.) 
When heated alone, it swells up at 185° to 190°, and afterwards, between 
195° and 200°, gives off a large quantity of a gas, of which only 90 p. c. 
is absorbed by potash; if the acid is mixed with spongy platinum, the 
copious evolution of gas takes place, even between 185° and 190°, and the 
portion not absorbed by potash amounts to only 3 or 4 per cent.; if the 
acid is mixed with pumice-stone, the evolution of gas takes place even at 
175°, and the gas is entirely absorbed by potash, with the exception of a 
mere trace. (Beiset & Millon, N. Ann. Chim . Phys. 8, 785.) 

8. The acid decomposes with bichromate of potash and water in the 
same manner as tartaric acid (p. 270), but with less violence. (Winckler.) 
Similarly, PSttger. (Beitr. 2, 126.)—4. It takes fire when triturated with 8 pts. 
of peroxide of lead. (Bottger, Beitr. 2, 38.) — 5. Heated with sulphuric 
add and peroxide of manganese, it yields a very large quantity of carbonic 
acid, together with acetic acid. (Walchner.)— 6. It reduces the oxide 
of gold or silver dissolved in an acid. (Walchner ) — 7. Its dilute aqueous 
solution becomes mouldy by keeping. (Walchner.) 


Combinations. With Water. — a. Crystallised Racemic acid. — The 
acid crystallises from its aqueous solution in transparent, colourless, 
oblique rhombic prisms, belonging to the doubly oblique prismatic system. 
Pig. 125°, to which may also be added the faces b (between y and q ); 
a (between y, q, v. and u ); and w (between t and u); y : v = 107° 28'; 

y : b = 153° .54 / ; b : q = 147° 56"; y : u = 51° 27'; a : % = 123° 32'; 

v : u = 69° 15'; v : z = 129° 51'; % : w = 152° 54'; to : u = 146° 30" 
(Prevostaye, N. Ann. Chim. Phys. 3, 129; comp. Bernliardi, Repert . 49, 
395; Guerin Varry, Ann. Chim. Phys. 62, 71; Wackenroder, J. pr. 
Chem. 23, 207; Delffs, Jahrb. prakl. Pharm. 8, 378; Bamrnelsberg, Pogg. 
96, 29.) — The crystals are permanent in the air, becoming partialiy 
opaque only in warm air (Walchner), and give off all their water in a 
current of dry air at 100°. (Berzelius.) 

Crystallised. Berzelius. Fresenius. 

C 8 H 6 0 12 . 150 .... 89*29 . 89*37 .... 89*60 

2 HO . 18 .... 10*71 . 10*63 .... 10*40 


C 8 H (J 0 12 + 2Aq 


168 .... 100*00 


100*00 .... 100*00 
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b. Aqueous Racemic acid. — The crystallised acid dissolves in 5*7 pts. 
of cold water. (Walchuer.) 

Kacemic acid appears to have a still stronger affinity for bases than 
tartaric acid. But the alcoholic solution of the acid does not decompose 
any carbonate if water be absent (Pelouzo); because racemates are not 
soluble in alcohol. (Braconnot.) The formula of the Racemates is the 
same as that of the tartrates. The crystals of racemates never exhibit 
those hemihedral forms which characterise the tartrates, and their solu¬ 
tions do not exert any rotatory action on polarised light. (Pasteur.) 

Racemate of Ammonia. — a . Neutral . — Obtained by neutralising 
the acid with ammonia, and evaporating, best over lime within a bell-jar. 
Transparent, colourless, four-sided prisms. (Fresenius.) Right prismatic 
system, Fig. 66, but without the m-face and the two small faces below 
cr, a ; on the other hand, they have the face n right and left of t, and a 
triangular face below y. y : y = 118°; y : a = 169°; u : vJ = 80° 30'; 
u : t = 130° 15'; n : n = 160° 50'. (Prevostaye.) — The crystals become 
turbid in the air from loss of ammonia, very quickly at 100°; the aque¬ 
ous solution also gives off ammonia when left to evaporate; acetic acid 
added to the aqueous solution throws down the salt 6. — Easily soluble 
in water, nearly insoluble in alcohol. (Fresenius.) 

Crystallised. 

8 C . 48 .... 26*09 

2 N . 28 .. . 15*22 

12 H. 12 .... 6*52 

12 0 . 96 ... 52-17 

C®H 4 (NH 4 )>0' 3 . 181 .... 100*00 . 100*00 

b. Acid .—When 1 pt. of the acid is neutralised with ammonia, and 
1 pt. more afterwards added in the cold, the acid salt is precipitated in 
the form of a crystalline powder; if the process be performed at a higher 
temperature, and the liquid then rapidly cooled, the acid salt separates in 
needles and four-sided lamina; but by slow cooling, it crystallises in 
prisms belonging to the singly oblique prismatic system. The crystals 
become tabular by predominance of the oblique terminal face. The salt 
is permanent in the air, even at 100°; reddens litmus; dissolves in 100 pts. 
of water at 20°; much more abundantly in hot water; easily in mineral 
acids; but is insoluble in alcohol. (Fresenius.) 


Crystals. 


Fresenius. 

8 C . 

. 48 . 

... 28*74 ... 

. 29*14 

N . 

. 14 . 

8*38 .. 

8*43 

9 H. 

. 9 . 

... 5*30 .. 

. 5*39 

12 O . 

. 96 . 

... 57*49 .. 

. 57*04 

C 8 H 5 (NH 4 )0 13 . 

. 167 . 

... 100*00 .. 

. 100*00 


Racemate of Potash. — a. Neutral. — The aqueous acid saturated 
with carbonate of potash, yields, by rapid evaporation, a saline crust; by 
slow evaporation, large, hard, transparent, colourless, four-sided prisms 
permanent in the air, and having a cooling saline taste. (Fresenius.) 
Fig. 70, often witli m-faccs, and with the edges between p on the one 
side and u t, and m on the other, truncated; t : u = 128° 30' (Pasteur, 
N. Ann. Chim. Rhys. 24, 453; 28, 93.) — The crystals give off all their 
water at 100° with efflorescence but sustain a heat of 200° without 


Fresenius. 
.. 26 76 
.. 15*47 
.. G*54 

. 51*23 
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further tic composition; they dissolvo in 0*97 pts. of water at 25°, but aro 
nearly insoluble in alcohol. From the concentrated aqueous solution 
racemic acid and tho stronger mineral acids throw down the acid salt. 
(Fresenius,) 

Crystals, Presenilis, 

2KO . 94*4 .... 35*97 . 35-78 

C*H<0 10 .132-0 . .. 50*31 

4 HO . 36 0 .... 13*72 . 13*86* 

C a H 4 K £ 0 13 + 4Aq . 262*4 .... 100*00 

b . Acid. — Racemic forms a granular precipitate in a saturated solu¬ 
tion of chloride of potassium. (Geiger, Mag. Pharm. 20, 349.) Prepared 
like the acid ammonia-salt, either as a crystalline powder, or, by cooling 
of the hot liquid, in four-sided tables. The crystals have a sour taste; 
are permanent in the air, even at 100°; dissolve in 180 pts. of water at 
19 c ; in 139 pts. at 25°; in 14*3 pts of boiling water; easily in mineral 
acids, but are insoluble in alcohol. (Frcsenius.) 

Crystals . Fresenius. 

ICO. 47 2 .... 25*08 . 24*95 

C s H 5 O n . 141*0 .... 74*92 

C 8 H 5 K0 12 . 188*2 ... 100*00 

Racemate of Bo racic acid and Potash .— By dissolving! At, boracic. 
acid and 2 At. acid racemate of potash in water, and evaporating at 100°; 
a white, almost crystalline, friable, acid mass is obtained, which does not 
become moist by exposure to the air, but dissolves readily in water. 
(Fresenius.) 

Racemate of Potash and Ammonia. — The aqueous solution of the 
acid potash-salt, supersaturated with ammonia and evaporated over lime 
in vacuo, yields at the bottom of the vessel, a few regular crystals, con¬ 
sisting almost entirely of ammonia-salt, and on the sides, effloresced 
saline crusts, which contain more than 3 At. potash to 1 At. ammonia, 
and are rather to be regarded as a mixture. (Fresenius.) —According to 
Pasteur, racemate of potash and ammonia crystallises with difficulty in 
striated rectangular prisms, whose lateral edges are truncated with w-faccs, 
often to the obliteration of t and m; t : v! = 130° 45'. 

Racemate of Soda.— a. Neutral. — Crystallises very readily in 
transparent, colourless, four anil six-sided prisms (Walchner), belonging to 
the right prismatic system (Fresenius; Pasteur, N. Ann. Ohim. Phgs. 2S y 
93); permanent in the air even at 100° (Walclmer, Fresenius); soluble in 
2*63 pts. of water at 25°, insoluble in alcohol: tho dilute solution, when 
exposed to the air, becomes mouldy, and forms carbonate of soda, 
(Walchner.) 

Crystals. Fresenius. 

2 NaO . 62*4 .... 32*10 . 31*97 

C 8 H 4 0 10 . 132*0 .... 67-90 

C 8 IUNa 3 0 12 . 194*4 .... 100*00 

b . Acid. — The salt a and racemic acid in equal numbers of atoms are 
dissolved in a small quantity of boiling water; the salt b precipitated 
from the solution by alcohol in the form of a crystalline powder; and 
subsequently crystallised from hot water. Small, transparent, colourless, 
highly lustrous prisms, belonging to the oblique prismatic system, with 












RACEMIC ACID. 


351 


striated lateral faces. They have an agreeably sour taste; are per¬ 
manent in the air at ordinary temperatures, but effloresce at 100°, with 
loss of 9*41 p. c. (2 At.) water; dissolve in 11*3 pts. of water at 19°, and 
in a much smaller quantity of boiling water; but are insoluble in alcohol. 
(Fresenius.) 

Crystals. Fresenius. 


NaO . 31*2 .... 16-40 16*28 

C 8 H 5 O u . 141*0 .... 74-13 

2 HO . 18-0 .... 9-47 9*41 


C 8 H 5 Na0 12 + 2Aq. 190*2 .... 100-00 


Racemate of Soda and Ammonia. — The aqueous solution of the acid 
soda-salt, supersaturated with ammonia and evaporated over lime under 
a bell-jar, yields large, hard, transparent, colourless, four-sided tables, 
belonging to the doubly oblique prismatic system. (Fresenius.) The 
crystals agree exactly in form, angles, double refraction, specific gravity 
(= 1*58), and composition, with those of the tartrate of soda and 
ammonia; but their solution exerts no rotatory action on polarised light 
(Mitscherlich, Compt. rend. 19,719.) The crystals effloresce in the air, 
especially in hot air, giving off water and ammonia. They dissolve 
readily in water, and then give off ammonia on boiling. (Fresenius.) 
The crystals consist half of tartrate of soda and ammonia and half of 
antitartrate; but every time that the entire mass of crystals is dissolved, 
the racemate is reproduced. (Pasteur, p. 3(>5.) 

Crystals. Fresenius. 

. 26-0 ... 12-55 

. 31-2 .... 15 06 . 15-08 

. 132-0 .... 63-70 . 62-66 

18*0 . .. 8-69 

C a H 4 Na(NIl 4 )0 12 + 2Aq. 207-2 .... 100*00 

The crystals examined by Mitscherlich contained 8 Aq. 

Racemate of Soda and Potash. — First obtained by Mitscherlich ( Poyg . 57, 
484), whereas, in the hands of Berzelius, Fresenius, and the author, the preparation 
formerly did not succeed, the simple salts crystallising out separately. — 1. One half 
of the aqueous acid is neutralised with potash, the other half with soda, 
and the mixture left to evaporate spontaneously in summer. — 2. A 
boiling aqueous solution of the acid potash-salt is neutralised with carbo¬ 
nate of soda, then evaporated ami cooled, or left to evaporate sponta¬ 
neously. Large, transparent, colourless, hard rhomboulal prisms and 
tables, belonging to the doubly oblique prismatic system. They effloresce 
only at a summer temperature and on the surface. Their powder mixed 
with sand gives off all its water in two hours at 100°; between 90° and 
100°, they melt to a clear viscid liquid, which at 100° gives off only 
22*41 p. t\ water in seven hours j and between I 50 and 200°, boils briskly, 
becomes gradually turbid, and then solidifies in a white compact mass, 
which, if the heat has not risen above 190°, consists of dry unaltered sail. 
But at 200°, it begins to turn brown, then swells up with an odour of 
burnt sugar, and leaves charcoal mixed with the carbonates of the 
alkalis. —The crystals dissolve in 1*32 pt. water at 6°, in every propor¬ 
tion of hot water, and separate therefrom unaltered. (Fresenius, Ann. 
Pharm. 53, 230.) — This double racemate also exists only in the state 
of aqueous solution. When crystallised, it yields crystals of tartrate 


NH-iO.... 
NaO 
C 8 I4*0 10 
2 HO... 
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(Rochelle salt) and antitartrate of soda and potash in equal parts. 
(Pasteur.) 

Crystals. Presenilis. 

KO. 47*2 .... 10*72 . 30*66 

NaO . 31*2 .... 13*04 11*07 

OTHO 10 . 132-0 .... 40*74 

8 HO . 72*0 . . 25*50 . 25*33 

C 8 H 4 KNaO v - + 8Aq. 282*4 .... 100*00 

llacemate of Bomcic acid , Soda, and Botash .— When 1 pt. of crys¬ 
tallised borax is digested with 3 pts. of acid racemate of potash and with 
water, and the filtrate evaporated, there is obtained at 100° a white mass, 
which becomes moist when exposed to the air, and exactly resembles the 
Boraxweimtein of the German pharmacopeias. 

A similar, but more deliquescent mass is obtained with acid racemate 
of soda. (Fresenius.) 

Racemate oe Baryta. — 1. The acid forms, with baryta-water, 
white flakes soluble in excess of the acid (Walclmer),* but the clear 
solution becomes turbid in a few seconds, and deposits nearly all the salt 
in the neutral state, and in the form of a crystalline powder; the small 
quantity which remains in solution may be precipitated by alcohol. 
(Fresenius.) — 2. From a solution of acetate of baryta, racemic acid 
throws down neutral racemate of baryta; (a), from a hot solution, it 
precipitates the anhydrous salt as a white, slightly crystalline powder; 
and (b), from a cold solution, the hydrated salt, in the form of a heavy 
white precipitate consisting of fine needles. (Fresenius.)—3 Neutral 
racemate of soda added to chloride of barium, throws down white flakes, 
which in a minute pass completely into the crystalline state. (Wittstein, 
RepeH. 57j 22.) In case of great dilution, it does not precipitate nitrate of baryta. 
(W airliner.) 

Hydrated racemate of baryia gives off at 200° the whole of its water, 
amounting to 13*8 per cent. (Fresenius.) The salt, when ignited in a 
close vessel, leaves a pyrophoric residue. (Bdttgor.) It is nearly inso¬ 
luble in cold water, but dissolves in 200 pts. of boiling water, readily in 
hydrochloric and nitric acid, not in acetic acid, and is precipitated from 
the hydrochloric acid solution by ammonia, not immediately, but aftor a 
few seconds. (Fresenius.) It does not dissolve in aqueous bydrochlorate 
nitrate, or succinate of ammonia, even with the aid of heat (Walclmer); 
or in potash-ley. (Fresenius.) 


2, a. Fresenius. 

2 BaO . 153*2 .... 53*72 . 53*27 

C s H 4 0 10 . 132*0 ... 4G*28 


C 8 H 4 Ba 2 0 12 . 285*2 .... 100*00 

2, l). Fresenius. 

2 BaO . 153*2 .... 40 39 . 46*18 

C s H 4 0 10 . 132*0 .... 39*98 

5 HO . 45*0 . 13*03 . ... 13*80 


C s H 4 Ba 2 0 12 + 5Aq. 330*2 .. 100 00 

Racemate of baryta dissolves in the aqueous acid but without producing a definite 
acid salt: for the solution, as it cools, deposits the greater pail, of the baryta in the form 
of neutral salt, and the rest when evaporated, while free acid crystallises out. (Fresenius.) 

Racemate of Baryta and Potash and Racemate of Baryta and Soda are not 
obtainable. 
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Racemate of Strontia. — 1 . The free acid forms with strontia- 
water, thick flakes which do not become crystalline in 12 hours. (Witt¬ 
stein.)— 2. With nitrate of strontia, it forms the same precipitate, nearly 
insoluble in excess of the acid. (Walchner.) From acetate of strontia, it 
throws down a white, shining, crystalline powder. (Fresenius.) - 3. Neutral 
racemate of potash forms with chloride of strontium, a white, crystalline, 
granular precipitate. (Wittstein.) — The crystalline powder obtained by 
(2) gives off 22*87 p.c. water at 200°, without further decomposition. It 
is nearly insoluble in cold water, very sparingly soluble in boiling water, 
from which it separates almost completely on cooling, so that the filtrate 
is scarcely clouded by sulphuric acid. It dissolves readily in hydro¬ 
chloric acid, whence it is immediately precipitated by ammonia. It is 
insoluble in acetic acid. With racemic acid it behaves just like the 
baryta-salt. (Fresenius.) With hot aqueous hydrochlorate, nitrate, or 
succinate of ammonia, it forms a clear solution, which becomes turbid as 
it cools. (Wittstein.) 


Crystalline powder (2). Fresenius. 


2 SrO . 

... 104 . 

... 33-77 .... 

.... 33*44 

C 8 H 4 0 10 . 

... 132 . 

... 42*86 


8 HO . 

92 . 

... 23*37 .... 

.. 22*87 

C s H 4 Sr 2 O u + 8 Aq. 

... 308 . 

... 100*00 



Racemate of Lime. — 1 . The free acid precipitates lime-water in 
thick plates (Gay-Lussac), which [after a while] consist of extremely 
fine needles (Walclmer); the flakes dissolve in a larger quantity of the 
acid, provided the addition be made quickly and before the precipitate 
has become crystalline and consequently insoluble, but tlie clear liquid 
then becomes quickly clouded by formation of a crystalline precipitate. 
(Gmelin.) — Lime-water added to an excess of the acid, precipitates 
after a few seconds a [crystalline] neutral salt. (Fresenius.) — 2. Tho 
free acid added to aqueous gypsum forms delicate needles in a quarter of, 
an hour (Walchner, Geiger); the turbidity begins in an hour, and in 
24 hours nearly all the lime is precipitated. (Berzelius.) With hydro¬ 
chlorate and nitrate of lime, it forms a precipitate more quickly than 
with gypsum, but more slowly as the solutions are more dilute. (Gay- 
Lussac, Walchner.) From a concentrated solution of acctato of lime, if 
throws down a snow-white, crystalline powder; from a more dilute 
solution, small shining needles. (Fresenius.)—'3. Neutral racemate of 
ammonia or soda quickly precipitates even a dilute solution of gypsum 
and other lime-salts (Fresenius, Herzog), the precipitate consisting of an 
amorphous powder or of delicate laminae. (Pasteur.) 

The needles obtained by (2) give off all their water =27*75 p. c. 
at 200°, without further decomposition. (Fresenius.) The salt heated 
with ammonia and fragments of nitrate of silver precipitates the silver 
in a speculum like tartrate of lime. (Casselmaun, vid. p 288.)—The 
salt is so sparingly soluble in cold water, that the solution is not clouded 
by oxalic acid, but only by oxalate of ammonia; in boiling water it is 
somewhat more soluble. (Fresenius.) It dissolves in hydrochloric acid 
and is precipitated therefrom by ammonia (distinction from tartrate of 
lime) (Gay-Lussac); the opaque, semicrystallino precipitate is produced 
immediately or (in case of great dilution, according to Fresenius) after a 
few seconds; when the hydrochloric acid solution is evaporated in tho 
cold, crystals of racemic acid arc formed; but when tho solution is 
tol. x. 2 a 
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evaporated l)j heat, the greater part of the hydrochloric acid goes ofL 
arid racemate of lime remains. (Berzelius.) The salt docs not dissolvo 
In acetic acid, nor [aftor becoming crystalline] in racemic acid. (Frese- 
nlns.) It dissolves sparingly in warm aqueous sulphate, hydrochlorato, 
or succinate of ammonia, whereupon needles are produced on cooling. 
(Wirtstein.) Its solubility in sal-ammoniac is however quite insigni¬ 
ficant. (H. Bose.) It dissolves readily in cold and tolerably strong 
potash-ley free from carbonic acid, the solution becoming turbid when 
boated, pasty when boiled, and clear again on cooling, and when heated 
to the boiling point after dilution with water, depositing all the [basic?] 
racemate of lime in flakes. (Fresenius.) 



Air-dried Crystals. 


Berzelius. 

Fresenius. 

2 CaO . 


, 21*54 .. 

. 21-77 . 

... 21*59 

CHW.. 

. 132 .... 

, 50*77 



8 HO . 

. 72 .... 

, 27*69 


27-75 


C 8 H 4 Ca 2 0 12 + 8Aq. 2G0 .... 100*00 

Neither "Racemate of Lime and Potash nor Racemate of Lime and Soda can be 
prepared. 

RACEMATE op Magnesia. — Tile aqueous solution of neutral racemate or 
soda does not precipitate sulphate of magnesia. (Walehner.) .— The aqueous acid 
is boiled with excess of carbonate of magnesia, and the filtrate left to 
crystallise slowly by cooling. — Small right rhombic prisms, or when 
obtained by sudden cooling or evaporation, a white powder. — The 
crystals effloresce in dry air, give oft* 27*24 p. c. (8 At.) water at 100°, 
and in all 32*9 p. c. (10 At.) at 200°, without further decomposition. 
They dissolve in 120 pts. of water at 19°, and in a smaller quantity ot 
boiling water; easily in the stronger mineral acids, not in acetic acid. 
From the concentrated solution in hydrochloric acid, ammonia throws 
down immediately, and from the dilute solution after a while, a preci¬ 
pitate of polybasic racemate of magnesia. The hot aqueous solution of 
tho salt in an equal quantity of racemic acid, again yields by cooling and 
evaporation, crystals of the neutral salt, which may also be precipitated 
therefrom by alcohol. Its solution in potash-ley becomes pasty when 
heated, but clear again on cooling. (Fresenius.) — Magnesia-salts are not 
protected by racemic acid from precipitation by ammonia or carbonate 
of soda. (Fresenius.) 


2 M^O. 

Crystals . 

.. 40 .. 

15*27 

Fresenius. 
.. 15*59 

C t, H 4 0 10 . 

10 HO .. 


.. 132 .. 
.. 90 .. 

.. 50-38 
.. 34-35 ... 

. 32*90 


C 8 H 4 Mg 2 0 12 + lOAq. 2G2 .... 100*00 


When acid recemate of ammonia, potash, or soda, is boiled to neutra¬ 
lisation with carbonate of magnesia, a filtrate is obtained, which, after 
standing for several days, deposits crystals of racemate of magnesia, but 
if continuously evaporated at 100°, leaves a syrup, which, on cooling, 
solidifies after some time to an amorphous saline mass, which dissolves 
but slowly even in boiling water, and from which the alkali-salt is but 
very incompletely extracted by water. (Fresenius.) 

Cerotjs Racemate. — The free acid precipitates cerous acetate but 
not the hydrochlorate; alkaline racemates precipitate also tho latter. 
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Tlie white precipitate dissolves readily in excess of racemic acid. 
(Beringer.) 

Chromic Racemate. — The very acid violet solution of hydrated 
chromic oxide in the boiling aqueous acid, leaves a violet crystalline 
mass when evaporated. Its aqueous solution acquires a fine green 
colour when mixed with carbonate of potash; is completely precipitated 
by lime-water; and yields with alcohol a violet precipitate, which becomes 
nearly black when dry, and is insoluble in water, but soluble in racemic 
acid. (Fresenius.) 

When the aqueous acid is boiled with bichromate of potash, carbonic 
acid is violently evolved, and a blackish grey liquid with violet irides- 
cenje is formed, which, when evaporated, leaves a blackish, amorphous, 
easily friable mass. The solution of this mass in water acquires a fine 
green colour when mixed with potash, and is completely precipitated by 
lime-water. (Fresenius.) 

Manganous Racemate. — 1 . The solution of manganous carbonate 
in the acid diluted with 40 pts. of water, yields after a while transparent, 
flesh-coloured prisms and crystalline grains, very sparingly soluble in 
water. (John.) — 2. An aqueous mixture of manganous acetate and 
racemic acid yields by evaporation small yellowish-white crystals, which 
are permanent in the air even at 100°, and dissolve very sparingly in 
cold, somewhat more readily in boiling water, readily in hydrochloric 


acid. (Fresenius.) 

Crystals . 


Fresenius. 

2 MnO’. 

. 72 .. 

.. 32-43 . 

... 31-52 

C 8 H 4 0 10 . 

. 132 .. 

.. 59-46 


2 HO . 

.. 18 .. 

. 8-11 


C 8 H 4 Mn 2 0 12 + 2Aq. 

. 222 .. 

.. 100-00 



Racemate of Arsenious acid and Ammonia . — Discovered and stoichiome- 
trically determined by Mitscherlich, as well as the two following salts. — Arsenious 
acid is digested with aqueous acid racemate of ammonia, or better 
2 At. arsenious acid and 1 At. racemic acid are gradually added in 
alternate small portions to 1 At. neutral racemate of ammonia, so 
that the arsenious acid is always in excess up to the end of the operation, 
after which the filtrate is evaporated, and cooled to the crystallising 
point. The solution takes place slowly, and requires constant boiling; 
for acid racemate of ammonia is soon deposited, and a large quantity of 
arsenious acid remains undissolvod, even after boiling for hours. — Largo, 
quickly efflorescing crystals. Between 90° and 100°, they give off 
altogether 4*1 p. c. water and ammonia. They dissolve in 10*C2 pts. of 
water at 15°, and are, for the most part, resolved by evaporation into 
crystallising acid racemate of ammonia and arsenious acid, which remains 


\ / 

Crystals. 

NH 4 G . 

26 

9-77 ... 

Werther. 
. 9-99 

AsO 3 . 

99 ., 

... 37-21 ... 

. 37*72 

C 8 H 4 0 10 . 

132 . 

... 49-63 ... 

. 50*70 

HO... 

9 . 

... 3*39 ... 

. 3*04 

C 8 H 4 (NH 4 XAs0 ! )0 ls + Aq. 

266 . 

.. 100-00 ... 

. 101-45 


Racemate of Arsenious acid and Potash . — 2 At. arsenious and 1 At. 
racemic are added vory gradually, and in alternate small portions to 

2 a 2 
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1. At neutral racemate of potash, which is dissolved in a large quan¬ 
tity of water, and maintained for several hours in constant ebullition, the 
arscnious acid being kept in excess even to the last, to prevent the sepa¬ 
ration of too great a quantity of acid racemate of ammonia, which would 
have to be rodissolved by addition of water and boiling. The liquid 
concentrated, but not too much, by boiling, and filtered hot, deposits, on 
cooling, first small prisms of acid racemate of potash, then large rhombic 
crystals of the double salt, which are separated, either by picking them 
out or by treating tbe whole with a small quantity of warm water, 
filtering from the acid potash-salt, which remains for the most part 
undissolved, and evaporating to the crystallising point, during which 
operation, however, a portion of the acid potash-salt is always repro¬ 
duced. — Large colourless rhombic crystals, having a pearly lustre. They 
effloresce gradually, give off 4*23 p. c. water at 100°, and the whole 
between 155° and 170°, and then sustain a heat of 250° without further 
decomposition; at 255°, the residue assumes a brownish colour, and gives 
off water, together with vapours, having an alliaceous and empy- 
reumatic odour. The crystals dissolve in 7*96 pts. of water at 15°, and 
when this solution is evaporated, are resolved almost entirely into acid 
racemate of potash, and arsenious acid which remains dissolved, even 
when the liquid is highly concentrated. (Wertlier.) 



Crystals. 


Werther. 

KO . 

. 47-2 . 

... 15*46 .. 

. 15*00 

AsO 3 ... 

. 99*0 . 

... 32*44 ... 

. 32*83 

C 8 H 4 0 10 . 

. 132*0 . 

... 43*25 .. 

. 44*40 

3 HO. 

. 27*0 . 

.. 8*85 . 

.. .. 9*51 

C s H 4 K(A.s0 2 )0 l:! + 3Aq. 

. 305*2 . 

... 100*00 .. 

.. 101*86 


Racemate of Arsenious acid ancl Socla. — When 1 pt. of racemic acid 
is neutralised with soda, then arsenious acid and 1 pt. more of racemic 
acid added, in alternate small portions, to the boiling liquid, and the solu¬ 
tion repeatedly evaporated and cooled, a large quantity of the crystal¬ 
lised double salt is obtained. The preparation is much easier than that 
of either of the two preceding salts. — Large crystals permanent in the 
air, and having a brilliant pearly lustre. They give off 10'65 p. c. 
(about 4 At), water at 100°, and the rest at 130°. .Decomposition begins 
at 275°. Tbe salt dehydrated at 130°, becomes heated by contact with 
cold water, and dissolves completely. The crystals dissolve in 14*59 pts. 
of water at 19°, and the solution, when evaporated, yields nearly all the 
salt undecomposed, but in crystals, having a higher vitreous lustre. 
(Werther.) 

Crystals. Werther. 

NaO . 31*2 .... 1016 10*27 

AsO 3 . 99*0 .. . 32*23 32*94 

C 8 II 4 0 10 . 132*0 ... 42*97 44*93 

5 HO .. 45*0 . 14*04 14*47 


C 8 H 4 Na(As0 2 )0 12 + 5Aq. 307*2 ... 100*00 . 102*01 

Polassio-antimonic Racemate. — Obtained by saturating acid racemate 
of potash with antimonic oxide. Sometimes rhombic crystals are 
obtained, acuminated with four faces; sometimes delicate needles, which 
become opaque when exposed to the sun. (Berzelius.) Fig. 62, without 
the p-face, a : a= 142° 55'; a : a behind = 140°; a : u = 118° 2'; 
u';u=9 4° 40'. (Prevostaye.) — The air-dried crystals contain 13*46 
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p. c. potash, and are therefore C 8 H 4 K(SbG 2 )0 12 [ -h Aq], They give off 
water of crystallisation at 100°; the salt dried at 100° gives off 5'50 p c. 
water at 260°, without becoming coloured, exactly therefore like tartar- 
emetic. (Liebig, Ann. Pharm. 26*, 134.) 

Racemate of Zinc. — 1. The aqueous acid dissolves zinc readily 
with evolution of hydrogen, and deposits the resulting salt, paitly im¬ 
mediately partly on evaporation, in white needles, whose aqueous solution 
is very apt to turn mouldy. (Walchner.) — 2. The free acid precipitates 
from acetate of zinc a jelly, which dries up to a white viscid mass. This 
mass is nearly insoluble in water, but dissolves more readily in racemic, 
and still more in hydrochloric acid. (Werther.) 

Stannous Racemate. — The aqueous acid dissolves tin very slowly, 
and yields by evaporation, colourless six and eight-sided prisms, soluble 
in water. (Walchner.) 

RACEMATE OF Lead.—168 pts. of the crystallised acid, mixed with a treble 
quantity of lead-oxide and with water, and dried over the water-bath, give off 32*70 
p. c. water, and somewhat above 100°, 30*07 p. e. (4 At.) m all, (Berzelius.) — 
1. The free acid precipitates from neutral acetate of lead a snow white 
crystalline powder (Fresenius); if the racemic acid is in excess, the vessel 
becomes covered with a crystalline crust; if the boiling acid is mixed 
with only just sufficient acetate of lead to render the precipitate perma¬ 
nent, and then filtered boiling, it yields on cooling a few small needles. 
(Fresenius.) — 2. Neutral racemate of soda yields a flocculent precipitate, 
consisting of slender needles. (Walchner.) The salt after drying has a 
density of only 2*530 at 19°, much smaller therefore than that of tar¬ 
trate of lead. (H. Rose, Pogg. 33, 48.) The precipitated salt contains 
no water. (Berzelius.) After ignition in a close vessel, it leaves a 
greyish-black, coherent mass, which, after cooling, takes fire in the air, 
globules of lead then appearing on the surface, and quickly burning to 
oxide. (Bottger.) — The salt dissolves in racemic acid (Walchner), and 
more readily than tartrate of lead in tartaric acid; and tho solution of 
the salt in the hot acid yields, on cooling, small crystalline grains, which 
when heated crumble to a fine powder, with slight decrepitation and loss 
of water, (Berzelius.) 


(!•) 

2 PbO . 

Crystalline crust dried at 100°. 
. 224 .... 62*92 .. 

Berzelius. 
. 62*75 

C 8 H 4 0 10 

. 332 .. 37*08 

.. . 37*25 

C 8 HW0 12 

. 35G .... 100*00 

. 100*00 


Ferrous Racemate. — 1 . The aqueous acid acts upon iron with 
evolution of hydrogen, forming soft white needles, which dissolve but 
very sparingly in water, and when exposed to the air, gradually change 
into the yellow ferric salt. (Walchuer.) — 2. Ferrous sulphate added to 
an aqueous mixture of acetate of potash and racemic acid, produces a 
white precipitate, which soon turns greenish and bi'own, if the air has 
access to it, but dries up in vacuo to a yellowish white powder. This 
powder dissolves sparingly in water, readily in mineral acids, racemic 
acid, ammonia, and potash; the acid solutions are not precipitated by 
alkalis, nor the alkaiine solutions by acids. 
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Fkrrtc Racemate. — The aqueous acid, digested with excess of 
ferric hydrate, and filtered from a basic salt, yields a red-brown liquid, 
which, when evaporated, still deposits a portion of basic salt, and dries 
up to a brown, hard, friablo mass. This mass is completely precipitated 
from the aqueous solution by alcohol; the solution is also procipitatod 
by ferrocyanido of potassium but not by alkalis, (Fresenius.) The 
brownish yellow solution of ferric hydrate in [excess of ?] the aqueous 
acid, gradually loses its colour by conversion into ferrous salt, both in 
the air and in closed vessels. (Walchncr.) 

Ammonio-ferric Racemate. — The above solution of ferric hydrate in 
the aqueous acid, forms with ammonia a clear mixture, which, when 
evaporated, deposits granules very easily soluble in water, and con¬ 
taining a large quantity of ammonia. (Walchner.) 

Potassio-ferric Racemate. — The aqueous solution of the acid potash- 
salt digested with ferric hydrate, yields a red-brown filtrate which depo¬ 
sits a basic salt on evaporation. — a. This basic salt is a light yellow 
powder, which chars and swells up in the fire, leaving an alkaline ash; 
it is almost insoluble in water, but dissolves in cold potasli ley, forming 
a dark green liquid which yields a copious brownish green precipitate 
when heated. — S. The liquid filtered from the yellow powder remains 
clear when further evaporated, and leaves a brownish-black, crystallo- 
granular, deliquescent mass; and on dissolving this mass in water, an 
additional quantity of basic salt is separated, and a brownish yellow, 
slightly alkaline liquid produced, which is not precipitated by potash, 
and but slowly and incompletely by yellow or red prussiato of potash. 
(Fresenius.) 

Racemate op Cobalt. — 1 . Recently precipitated protoxide of 
cobalt forms, with racemic acid, a strongly acid red solution, ‘which, when 
evaporated, deposits dingy, pale red, crystalline crusts, free acid crystal¬ 
lising out at the same time. — 2. A mixture of acetate of cobalt and 
racemic acid left to evaporate in a warm place, yields iho same crusts. 
(Fresenius.) — Palo red crystalline grains. (Winkelblcch.) —■ The salt 
dissolves very slowly in watei*, whether cold or boiling, more readily in 
racemic acid, whence it is not precipitated by alkalis; still more readily 
in hydrochloric acid and in potasb-ley. The red hydrochloric acid solu¬ 
tion forms, with caustic ammonia, potash, or their carbonates, a preci¬ 
pitate which dissolves in excess of the alkali, the liquid, kowover, soon 
becoming turbid, and a dingy blue precipitate being formed. The 
beautiful violet solution of the salt in caustic potash is not altered by 
boiling, but forms spontaneously after a while, and more quickly on 
addition of water, a dingy blue precipitate, losing its colour at the same 
time. (Fresenius.) 

Racemate of Cobalt and Potassium. — The beautiful red neutral solu¬ 
tion of the recently precipitated protoxide in warm aqueous racemate of 
potash, becomes turbid by evaporation, and deposits a pale red crystal¬ 
line crust, from which the potash cannot be completely extracted by 
washing. The crust dissolves sparingly in water, easily in racemic acid, 
or in potash. (Fresenius.) 

^ Racemate of Nickel. — The aqueous solution of acetate of nickel 
mixed with racemic acid and evaporated, forms four-sided needles of a 
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beautiful green colour. These crystals effloresce very slowly in dry air 
at ordinary temperatures, quickly at 100°. They dissolve very sparingly 
in water, even at a boiling heat, more readily in racemic acid, still more 
readily in hydrochloric acid, whereupon a small quantity of carbonate of 
potash produces a precipitate which redissolves in a larger quantity. 
With potash-ley the salt forms a green solution which becomes turbid 
when heated and does not recover its transparency on cooling. (Fre- 
senius.) In a hot solution of carbonate of soda, it dissolves abundantly 
and with evolution of carbonic acid, forming a liquid which solidifies in 
a jelly on cooling. (Werther.) 


Needles. 

2 NiO . 

... 75 . 

... 25*25 .. 

Fresenius. 
. 25*47 

C 8 H 4 O w . 

... 132 . 

. . 44*45 


10 HO . 

... 90 . 

. . 30*30 


C 8 H 4 Ni?0 12 + lOAq. 

... 297 . 

... 100*00 



Racemate of Nickel and Ammonium. — The aqueous solution of acid 
racemate of ammonia yields, by digestion with excess of carbonate of 
nickel, and filtration, a green liquid; and on evaporating this liquid, 
green flakes are deposited, from which the ammonia cannot be completely 
extracted by washing. (Frescnius.) 

Cuprous Racemate. *— The aqueous acid exposed to the air in 
contact with copper, deposits, after several days, a greenish blue cupric 
salt, and if then evaporated, yields white oblique rhombic prisms which 
dissolve pretty readily in water, and form a yellow precipitate with 
potash. (Walchncr.) 

Cupric Racemate. — 1 . The free acid added to a solution of cupric 
sulphate throws down at first only a few grains, but gradually the whole 
of the copper. (John.) If the solutions are mixed hot and concentrated, 
bluish green tables are formed after a while. (Werther.) — 2. A dilute 
solution of cupric acetate mixed with free racemic acid, forms light blue 
four-sided needles. (Fresenius.) — 3. Neutral alkaline racemates preci¬ 
pitate cupric salts (Walchncr), forming a siskin-green crystalline powder. 
(Werther.) —The needles (2) are permanent in the air; effloresce at 100°; 
dissolve very sparingly in cold, somewhat more freely in boiling water, 
readily in hydrochloric acid. The solution acquires a fine blue colour 
when mixed with potash, but is not decolorised thereby even on boiling. 
(Fresenius.) — The green powder (3) is not much more solublo in water 
than cupric tartrate; it dissolves readily in caustic potash or soda, but in 
the carbonates only when heated. (Werther.) 

Needles (2) dried over oil of vitriol. Fresenius. 


2 CuO . 

. 80 .... 

32*26 .... 

.... 3175 

C«II 4 0 10 . 

... 132 .... 

53*22 


4 HO...,. 

. 36 .... 

14*32 


C R H 4 Cu 2 0 12 + 4Aq. 

. 248 .... 

100*30 



Potassio-cupric Racemate. — The sky-blue neutral solution obtained 
by saturating a warm aqueous solution of acid racemate of potash with 
cupric carbonate, deposits, when evaporated over oil of vitriol, blue 
crusts destitute of crystalline structure; they are but sparingly soluble 
in water, even at the boiling heat, and cannot be freed from potash by 
washing. (Fresenius.) 
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jftam Sodio-cuprio llacemate. — a. When soda-ley is saturated with 
cupric racemate (3) stirred up with water, and absolute alcohol carefully 
added so as to form a layer on the top, light blue tables are formed at 
the bottom of the vessel, and deep-blue needles at the contact-surface of 
the two liquids. The tables may bo recrystallised by dissolving them in 
hot water and pouring a layer of alcohol on the surface of the liquid. 
They dissolve sparingly in cold, more readily in hot water. The solution 
may bo boiled for a long timo without decomposition; it is not decom¬ 
posed by soda in the cold even after the lapse of several weeks; but 
when boiled with soda, it deposits cuprous oxide. (Werthor.) 

Wertlicr. 

tables . needles. 

2 NaO . 02*4 .... 18*01 17-92 .... 17*86 

2 CuO . 80-0 .... 23*09 22*98 .... 22*14 

C 8 H 4 0 10 . 132*0 .... 38*11 37*81 

8 HO. 72*0 .... 20*79 21*54 

2Cu0,C 8 Ii 4 Na s 0 12 + 8Aq. 346*4 .... 100*00 . 100*25 

b. Werther once obtained by the same mode of preparation with 
alcohol, dark blue rectangular octohcdrons, which gave off 19*93 p. c. 
water at 100°. 

c. The dark blue solution obtained, with evolution of carbonic acid, 
by boiling cupric racemate with aqueous carbonate of soda, yields both 
on addition of alcohol, and by evaporation, a light blue powder which 
gives off 3*88 p. c. water at 100°, and dissolves slowly in cold, but 
readily in hot water, forming a neutral liquid which neither crystallises 
nor decomposes when evaporated. (Werther.) 

Werther. 

Octohedronsb. Light , ilu ° 
powder c. 

NaO . 24*36 10*78 

CuO . 11*05 34*24 

C 8 H 4 0 10 

HO. 19*93 .... 3*88 


Mercurous Racemate. The acid forms with mercurous nitrate a 
white precipitate which blackens on exposure to light. (Walclmer.) 
The snow-white, heavy powder acquires a greyish brown colour when 
exposed to the sun for a few minutes: it is insoluble in water and in 
racemic acid, but dissolves readily in nitric acid, forming a liquid which 
is precipitated light grey by ammonia, olive-green by carbonate of 
potash in the cold, and black on boiling. (Fresenius.) 


Racemate of Silver. — On adding a hot and moderately strong 
solution of acid racemate of ammonia to nitrate of silver heated to 
80°—85°, till the precipitate begins to become permanent, the liquid 
yields on cooling, dazzling white crystalline scales, having a lustre like 
that of polished silver, a sp. gr. of 3*7752 at 15°, and less soluble in 
water than the tartrate. (Liebig & Redtenbaclier, Ann. JPharm. 38, 133.) 


Dried . 


2 Ag. 216 

CWO 12 ... 148 


59*34 

40*66 


Liebig & 
Recltenbacher. 

... 59’29 


Liebig 

(Ann. Pharm . 
26, 133.) 
59*14 


C 8 H 4 Ag 5 0 1J . 


3G4 .... 100*00 
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Racemic acid dissolves in 48 pts. of cold alcohol of sp. gi\ 0‘S09, 
(Walchner.) The solution does not redden litmus, (Pelouze.) 


Paratartralic Acid. 

E. Fremy. Ann. Clam . Phys. 68,378; also Ann. Pharm. 39, 161 j also 
J. pr. Chem. 16, 339. 

Pulverised racemic acid is heated in a porcelain dish to a temperature 
somewhat above 200° till it melts, removed from the fire while yet 
perfectly fluid and colourless; dissolved in water; the solution saturated 
with carbonate of baryta, and filtered from racemate of baryta; and the 
filtrate decomposed by the proper quantity of sulphuric acid. 

The acid is colourless; is reconverted by water into racemic acid; 
deliquesces in the air; is, in the hyp. anhydrous state, = C 8 H 4 0 10 , and 
saturates 1^ At. base. It forms with all the alkalis, soluble salts, which 
are reconverted by water into racemates. The baryta-salt contains 
43*2 p. c. baryta, the lime-salt 21*1 p, c. lime. 

The lead-salt contains: 

Fremy. 

PbO. 50*07 

C. 18-00 

H. 1-53 

O. 30-40 

100-00 


Paratartrelic Acid. 

Fremy. Ibid. 

Produced from paratartralic acid by continued fusion; prepared like 
tartrelic acid. Exactly like the latter, and converted into racemic acid 
under the same circumstances as tartrelic acid into tartaric. May 
likewise be regarded, in the hypothetical anhydrous state, as C 8 H 4 0 10 , 
but saturates only 1 At. base. The baryta-salt contains 36'04 p. c. and 
the liine-salt 17*4 p. c. of alkali. (Fremy.) 


PbO. 

C . 

II. 

0 . 

Lead-salt. 

... 43-20 
... 22-99 
.. 1-91 

... 31-90 

Fremy. 
to 48-43 
„ 19-20 
n 1-59 
„ 30-72 



100-00 

„ 100-00 


Anhydrous Racemic Acid. 

Fiiemy. Ibid. 

Racemic Anhydride , Traubenanhydrid, wasserfreie Traubensaure f Acide paratar - 
tarique anhydre. 

By heating racemic acid till it froths and solidifies. 

Resembles tartaric anhydride; likewise forms a jelly with water, and 
has a slightly sour taste. 

In contact with water, it is gradually converted into paratartrelic, 
paratartralic, and racemic acid successively. (Fremy.) 
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8 C . 

. 48 .. 

.. 36*36 ... 

Fremy. 
. 37*14 

4 H . 

. 4 .. 

.. 3*03 ... 

. 3*09 

10 0 . 

. 80 .. 

.. 60*61 ... 

. 59-77 


CW. 132 .... 100-00 .'lOO'OO 


Eacemomethylic Acid. 

C l0 H 8 O 12 = C : II 4 0 2 ,C 6 H l 0 10 . 

Guerin-Varry. (1836.) Ann. Chim. Phys. 62, 77; also Ann. Pharm,. 

22, 252; also J. pr . Chem . 9, 376. 

Metfojltrau bensaure, Methylentraubemdure 3 Paramethylenweinsiiure, Acide 
paratartramethylique . 

Formation and Preparation , as for tartrometliylic acid (p. 338). 

Properties. Right rectangular prisms, passing, by truncation of the 
lateral edges, into rhombic prisms. Inodorous, having a sour, not sweet 
taste. 

Crystallised. Guerin. Dumas & Pina. 

10 C. 60 .... 34*68 .... 35*08 . 35*15 

9 BI. 9 .... 5*20 .... 5*41 5*10 

13 0. 104 .... CO-12 ... 59*51 59*75 

C 10 H 8 O 12 +Acp. 173 .... 100*00 .... 100*00 . 100*00 

Decompositions. The acid, when subjected to dry distillation, or 
when bunit, exhibits the same phenomena as tartrometliylic acid. By 
boiling with water, it is resolved into wood-spirit and racemic acid, but 
not so readily as racemovinic acid; and its aqueous solution, when left to 
evaporate freely, yields the crystals in their original state. 

Combinations . The acid dissolves very easily in cold, and in all 
proportions in boiling Water. 

Racemometkylate of Potash. — Obtained like the tarfcromothylato. 
Right prisms, colourless and inodorous. In vacuo over oil of vitriol they 
give off 4*25 p. c. water. They soften at 100°, molt at 150°, and yield 
at 200° the same products as tartromcthylate of potash. By continued 
boiling with water, they are resolved into wood-spirit and acid racemate 
of potash. They dissolve in hot water more readily than in cold, but aro 
insoluble in wood-spirit and in 95 p. c. alcohol. 


KO .... . . 

Crystals. 
. 47*2 . 

... 22*35 ... 

Grn'rin. 
. 22*25 

10C . 

. 60*0 . 

... 28*41 ... 

. 28*37 

8 H . 

. 8*0 . 

. . 3*79 ... 

. 3*89 

12 0 . 

. 96*0 . 

... 45*45 . 

. 45*49 

C 10 H 7 KO 12 +Aq.... 

. 211*2 . 

... 100*00 ... 

. 100*00 


An excess of the acid forms, with aqueous Potash, an amorphous 
pulverulent precipitate, soluble in a larger quantity of water. 

. Similarly, an excess of acid produces, with Soda-ley, a granular pro-* 
cjpitate, soluble in a large quantity of water, * 
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Bacemomethylaie of Baryta. — Tlic acid forms, with baryta-water, a 
precipitate soluble in excess of acid. The neutral salt is obtained like 
the tartromcthylate. Colourless, bitter, oblique rliomboidal prisms. 
Angles of the lateral edges =119° and 61°; inclination of the base to 
the two lateral edges =113° and 87°. [There is a figure wrong here.] The 
crystals effloresce in the air, giving off 3 At. water out of the 4 At. 
which they contain, and leaving a residue which gives off 38 p. c. nioro 
water in a dry vacuum. They soften at 60°; give off vapours at 100°, 
which condense in beautiful crystalline lamina), not consisting of raethylic 
oxalate; these laminae melt at 105°, boil at 120°, and are converted at 
130° into a transparent colourless liquid, which turns yellow at 175°, and 
at 205° yields a distillate, consisting of water, wood-spirit, methylic 
acetate, and a crystalline substance apparently identical with the above. 
The effloresced salt yields this crystalline sublimate only at 130°, and 
does not emit strong fumes till it is heated to 140°. The salt dissolves 
in hot water more readily than in cold, is insoluble in wood-spirit, and in 


95 p. c. alcohol. 

J Effloresced. 


Guerin. 

BaO . 

. 76-6 ... 

. 31*83 .... 

.... 31*47 

10C . 

. 60’0 . . 

. 24-94 ... 

.... 24*50 

8 H . 

. 8-0 ... 

. 3*33 .... 

. 3*38 

12 O. 

. 96-0 . . 

. 39-90 .. 

. 40-65 

C 10 H'£aO 12 + Aq. . 

. 240*6 ... 

.. 100-00 ... 

.... 100-00 


The aqueous acid forms, with strontia-waler , a precipitate which is not 
soluble in excess of acid, but dissolves in a large quantity of water; and 
with lime-water , delicate needles, insoluble in excess of acid. 

It dissolves zinc and iron with evolution of hydrogen. 

From neutral or basic acetate of had , and from a concentrated solution 
of nitrate of silver , it throws down flakes insoluble in excess of acid. 

Racemomethylic acid dissolves readily in wood-spirit and in alcoholj 
sparingly in ether. (Guerin.) 


Racemovinic Acid. 

C 12 H 10 O 12 = C 4 H G 0 2 ,C 8 H d 0 10 . 

Gukrin-Varry. (1836.) Ann. Chim. Phys. 62, 70; also Ann. Pharm. 

22, 245; also J. pv. Ghem. 9, 372. 

Weintraubenmure , Aethcrtraubemaure, Acute paraiartrovinique. 

Formation and Preparation. In general, similar to that of tartrovinic 
acid. As, however, racemic acid is less soluble in alcohol than tartaric 
acid, it is necessary to use 4 pts. of absolute alcohol to 1 pt. of racemic 
acid. The liquid must also be gently boiled in the retort, with cohoba- 
tion, till the solution evaporated to a syrup no longer yields any deposit 
on cooling. It is then to be diluted with water, and saturated with 
carbonate of baryta; the filtrate evaporated in an open vessel at 50° to 
60°; and the crystallised baryta-salt decomposed by sulphuric acid, just 
as in the preparation of tartrovinic acid. 

Properties. Colourless oblique rhombic prisms, whose base is less 
obliquely inclined to the lateral edges than that of the crystals of 
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tartrovinic acid. Inodorous, with a sour taste, and sweeter even than 
tartrovinic acid. 

Crystals. Guerin. 

12 C . 72 .... 38*50 38*66 

11 H. 11 .... 5*88 . 5*92 

13 O. 104 .... 55*62 55*42 

C J2 li 10 O 12 + Aq. 187 .... 100*00 100*00 

Decompositions. The acid burns with a flame like that of tartrovinic 
acid; its decompositions by dry distillation, by treatment with nitric or 
sulphuric acid, and by boiling with 40 pts. of water, are likewise the 
same as those of tartrovinic acid. 


Combinations. The acid dissolves very easily in water, and is highly 
deliquescent. 

The Racemovinates, or Pa rata Hr ov mates, resemble the tartrovinates in 
most respects, but form less beautiful crystals; and these crystals contain 
a larger quantity of water of crystallisation, which, however, is given off 
in a dry vacuum, so that the i*esidual salts agree in composition with the 
dry tartrovinates. 


Racemovinate of Potash. — Obtained in the same manner as the tartro- 
vinate. Colourless, four-sided and apparently square prisms, truncated 
at the terminal edges (compare Prevostaye, If. Ann. Chim. Phys. 3, 140). 
The crystals have the taste of tartrovinate of potash. Give off 7*65 p. c. 
water in a dry vacuum. 

Crystals. Guerin. 

KO . 47*2 .... 20*15 19*95 

C 12 H 9 C U . 169*0 .... 72*16 

2 HO. 18*0 .... 7*09 7*65 


C 12 H 9 K0 12 + 2Ac[. 234*2 .... 100*00 


The acid added in excess to an aqueous solution of potash precipitates 
a fine powder. 

Racemovinate of Soda. — The acid forms, with aqueous soda, even 
when the latter is in excess, a precipitate which is insoluble in cold 
water, and increases on adding the acid in excess. 

Racemovinate of Baryta. — Preparation , vid. sup. — Small white needles 
united in nodules; they give off 6*95 p. c. water in a dry vacuum, dis¬ 
solve in hot water much more readily than in cold, are insoluble in 
absolute wood-spirit, and in 95 per cent, alcohol. 


BaO.. 

Crystals. 
. 76*6 . 

... 29*06 ... 

Guerin. 
. 28*74 

12 C. 

. 72*0 . 



11 H. 

. 11*0 . 



13 O . 

. 104*0 

mmm 


C 12 H 9 Ba0 12 + 2Aq. . 

. 263*6 

... 100*00 ... 

. 100*00 


■ Strontia-w&tex forms, with the acid, a precipitate which dissolves in 
excess of that acid; lime- water, a precipitate, insoluble in racemovinic 
but soluble in nitric acid. 

The dilute acid dissolves zinc and iron , with evolution of hydrogen. 

It forms a white precipitate with neutral acetate of lead . 
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Hacemovinate of Silver. — 1. The acid forms, with nitrate of silver, a 
precipitate consisting of delicate white needles. — 2. The concentrated 
solution of the potash or baryta-salt, added to solution of nitrate of silver, 
likewise throws down needles, which, after being washed in the dark with 
cold water, and dried below 50°, give off nothing in vacuo over oil of 
vitriol; turn red and afterwards brown when exposed to light; decompose 
at 100°, even under water; and are sparingly soluble in water. 


12 C . 

. 72 .. 

.. 25-26 .... 

Guerin. 
. 26-93 

9 H . 

. 9 .. 

.. 3*16 .... 

. 3-31 

H . 

. 108 .. 

.. 37-89 .... 

. 37-70 

12 0 . 

. 96 .. 

.. 33*69 .... 

.... 32-06 


C 12 H 9 Ag0 12 . 285 .... 100-00 . 100*00 


Racemovinic acid dissolves very readily in alcohol , but is insoluble in 
ether. (Guerin.) 


Antitartaric Acid. 

C 8 H 6 0 12 = C 8 H 6 0 6 ,0 6 . 


Pasteur. N. Ann. Chim. Phys. 24, 442; 28, 56.- — Compt. rend. 28, 
477; 29,297. — Biot’s Report upon Pasteur: Compt. rend. 29, 433; 
]¥. Ann. Chim. Phys. 28, 99. 

Lcevoracemic acid , Zavotartaric acid. 

Racemic acid may be regarded as the indifferent compound of tartaric 
acid with an equal quantity of another acid, viz.Antitartaric acid , which 
agrees exactly with tartaric acid in most of its properties, but with 
regard to crystalline form, thermo-electricity, and action upon polarised 
light, exhibits diametrically opposite characters, these characters com¬ 
pletely neutralising one another when the two acids are combined in the 
form of racemic acid. 

Racemic acid, and most of its salts, crystallise from their aqueous 
solutions unaltered; but on evaporating and cooling a solution of racemate 
of soda and ammonia, or of racemate of soda and potash, we obtain, 
instead of a double racemate, equal weights of two kinds of crystals, 
which have the same form, the one being, in fact, the exact rejected 
image of the other, but exhibit certain hemihcdral faces, which in one 
kind of crystal (identical with that of tartrate of soda and ammonia, 
or of soda and potash), are situated to the right, and in the other kind, 
which may be called antitartrato of soda and ammonia or potash, to the 
left, when the crystal is held in the same position before the face. Each 
of these two kinds of crystals dissolved by itself in water produces 
rotation to the right or to the left, and when added to dilute solutions 
of lime-salts, throws down tartrate or antitartrate of lime, but only after 
some time; but the united solution of the entire mass of crystals, as also 
the mother-liquor, exhibits no rotatory power, behaves like racemate of 
potash, and when added to lime-salts, immediately throws down an 
amorphous powder, or delicate laminae. The two kinds of crystals are 
elected out by examining the position of their hemihedral faces, and 
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purified, eacli for itself, by recrystallisation, tbe mother-liquor retaining 
the small quantity of racemate, which, as it is impossible to effect a 
complete separation of the two kinds of crystals by mechanical selection, 
has been reproduced from the two opposite salts when redissolved in 
water. 

When the crystals thus purified, whose hemihedral faces lie to tbe right, 
are dissolved in water, the solution precipitated by nitrate of lead, and 
the washed precipitate decomposed by dilute sulphuric acid, Dextroracemic 
acid is obtained, which, from all experiments made wfith it, appears to 
agree in every respect with tartaric acid. — By applying the same treat¬ 
ment to those crystals whose hemihedral faces are situated to the left, we 
obtain Antitartaric or Lcevoracemic acid . 

The separation of the two acids may likewise be effected by means 
of the compounds of racemic acid with cinchonicine and chinicine. 
From a solution of cinchonicine in racemic acid, antitartrate of cincho¬ 
nicine crystallises out, first at a certain degree of concentration; from a 
solution of racemate of chinicine, the tartrate crystallises first. 

Properties . The crystals of antitartaric acid agree exactly in appear¬ 
ance, form, magnitude of angles, specific gravity (1‘75), composition, 
solubility in w T ater, &c., with tartaric acid, with exception of the three 
following physical properties. 

1. Crystalline Form: When a crystal of tartaric or antitartaric acid 
(Fig. 109) is held towards the observer in such a position that the i-face 
shall be opposite to the eye, and below i shall be the f -face (concealed 
in the figure), above i the e- and £-faces, and right and left of i the 
u-faces, then, in the crystal of tartaric acid, there will be found two 
other faces, leading to an irregular tetrahedron, the upper between a, i , e , 
and t, the lo^wer between a, i, and/, which two faces are wanting to the 
left of i; in the crystals of antitartaric acid, on the contrary, these two 
faces occur on the left, but are wanting on the right. Sometimes the 
faces which are usually deficient are found in the crystals of both acids; 
but less developed. 

2. Thermo-electricity: During the cooling of a heated crystal of tar¬ 
taric acid, positive electricity appears on the right-hand side; but anti¬ 
tartaric acid, under the same circumstances, exhibits positive electricity 
on the left side. 

3. Circular Polarisation: Antitartaric acid dissolved in water at a 
given temperature and a given degree of concentration, turns the plane 
of polarisation to the left, to the same amount as tartaric acid turns it to 
the right. Boracic acid increases this rotatory power of antitartaric acid 
to the left exactly in the same degree as that of tartaric acid to the 
right. (Biot, p. 27.) 

Racemic acid, on the^ contrary, and all its salts form homohedral 
crystals which do not exhibit either thermo-electricity or rotatory power. 

Crystallised antitartaric acid contains 31*90 p. c. C, 4*02 H, and 
64*08 0. 

When equal parts of antitartaric and tartaric acid (the latter either 
the ordinary acid or that prepared from racemic acid) are mixed in 
concentrated solution, great heat is evolved, and racemic acid produced, 
the crystallisation of which causes t the mixture to solidify. 
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The Antitartrates or Lcevoi'acemates agree completely with the tartrate3 
in specific gravity, double refraction, composition, solubility, &c., but 
they likewise, though with similar crystalline forms and equal angles, 
exhibit opposite kemihedry, thermo-electricity and rotation. For the 
peculiar relation of the lime-salt dissolved in hydrochloric acid towards polarised light, 
see that salt. Equal parts of the antitartrate and tartrate of the same 
base dissolved in water combine immediately and form a racemate. 

Neutral AntitaHrate of Ammonia generally forms the same crystals 
with the same angles as tbe tartrate, only with opposite hemihedry. 
Fig. 89, with easy cleavage parallel to i. In tartrate of ammonia, there 
occur to the right of m, first two hemihedral faces, then tbe two a-faces, 
whereas to tbe left of m, tbe two a-faces present themselves immediately; 
in antitartrate of ammonia, tbe arrangement of the faces is tbe reverse. — 
The crystals of the latter contain 26*3 p. c. C and 6*6 H, and are there¬ 
fore, like the tartrate, = C s H 4 (NH 4 ) 3 0 12 . Its aqueous solution produces 
a rotation to the left as strong as that produced by tartrate of ammonia 
to the right. — A solution strongly supersaturated with ammonia, some¬ 
times deposits irregular tetrahedrons, which, when taken out of the 
mother-liquor, become opaque in tbe interior. [Respecting the indices of 
refraction, &c. of this and the two following salts, vid. Senarmont, N. Ann . Chim. 
Phys . 33, 391; Pogg. 86 , 35 j abstr. Compt. rend. 33, 447 3 Jakresber . 1831, 161.] 

Antitartrate of Soda and Ammonia. — Preparation (comp. p. 365) — 
1 pt. of racemic acid is neutralised with carbonate of soda and 1 pt. with 
ammonia, the mixture concentrated, and then either left to evaporate 
freely or cooled, whereupon it yields tbe two kinds of crystals in exactly 
equal quantities, whether the quantity of mother-liquor which remains 
be large or small. The resulting crystals, which resemble those of 
Rochelle salt (Fig. 80), exhibit two additional faces, one below the other, 
y andyy, between p and m. Moreover, in the crystals of tartrate of 
soda and ammonia, there occurs a truncation-face between p and u on 
tbe right side (as well as diametrically opposite), and in those of anti- 
tartaric acid on the left (sometimes the oppositely situated faces are 
likewise present, but less developed). It is by this character that tbe 
difference of tbe two crystals is recognised, and their separation effected, 
after they have been freed from tbe mother-liquor by pressure between 
paper. As it is not possible to effect a very complete separation of 
crystals which have grown together, they must be dissolved in tbe 
heated mother-liquor, the ammonia being replaced as it evaporates, 
whence, after a few days, they are deposited separately, provided the 
solution is not too concentrated. The picking out of the crystals is best 
performed in tbe morning, because, as tbe temperature rises, the hemi¬ 
hedral faces are rendered less distinct by partial solution of the crystals. 
The selected crystals are purified by recrystallisation from water, race¬ 
mate of soda and ammonia then remaining in tbe mother-liquor, and 
separating into the two kinds of crystals on further evaporation. The 
specific gravity of the crystals (like those of tartrate of soda and 
ammonia) is 1*576. They dissolve (exactly like the tartrate) in 3*74 pts. 
of water at 0°. 

Antitartrate of Soda and Potash. — May be prepared in the same 
manner, or by saturating antitartaric acid half with soda and half with 
potash. Isomorphous with the preceding salt, and also, with excep¬ 
tion of the oppositely placed hemihedral faces, with Rochelle salt. The 
first mode of preparation sometimes yields individual homohedral crystals. 
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some of which, are found (by the reaction with lime-salts) to he racemates 
(or mixtures of tartrate and antitartrate) while others behave like one or 
the other of these salts. 

Antitartrate of Lime. — Antitartrate of ammonia; or one of the above- 
mentioned double salts, mixed with a dilute solution of a lime-salt, 
deposits, after a while, small, hard, brittle, shining rhombic prisms, having 
certain perfectly homohedral truncations by which they may be converted 
into octoliedrons. They contain 14*8 p c. C, 4*69 H, therefore 8 At. 
water of crystallisation. They agree exactly, in form, solubility, &c., 
with the crystals of tartrate of lime, which are likewise perfectly homo- 
hedrah When mixed with the latter, they immediately form racemate 
of lime. Their solution in hydrochloric acid turns the plane of polari¬ 
sation of a luminous ray to the right , whilst that of tartrate of lime in 
hydrochloric acid turns it to the left. A dilute solution of a lime-salt 
precipitated with anti tartrate of ammonia often yields at first tufts of 
needles having a silky lustre, and likewise containing 8 At. water of 
crystallisation; but these when left to stand till the next day, are 
converted into separate octoliedrons. 

A mixed solution of antitartrate and tartrate of soda and ammonia 
mixed with a dilute solution of a lime salt, instantly forms a precipitate 
of racemate of lime. 

Ammonio-antimonic Antitartrate. — The solution yields at first tetra¬ 
hedrons perfectly similar to those of the corresponding tartrate (p. 298), 
then, by evaporation of the mother-liquor, right rhombic prisms containing 
14 05 p. c. C, and 8*49 H, therefore 4 At. water of crystallisation, which 
is more than the tetrahedrons contain; the rhombic crystals are trun¬ 
cated on two oppositely situated edges between p and u, whereas the 
right rhombic prisms of the corresponding tartrate possess the oppositely 
placed truncation-faces. 

Potassio-antimonic Antitartrate. — Transparent, colourless, shining 
crystals, having exactly the appearance of tartar-emetic, but likewise 
with an opposition in the alternate development of the effaces. For the 
figure see Pasteur's memoir. The specific gravity of the crystals is 2*477 
(while that of the crystals of tartar-emetic is 2*557); they contain 14*45 
p. c. C and 1*47 H, and their aqueous solution turns the plane of pola¬ 
risation of a luminous ray to the left, as much as an equally strong 
solution of tartar-emetic turns it to the right. (Pasteur.) 

®[f. The exact similarity of tartaric and antitartaric acid, exhibited in 
the compounds jnst described, exists only so long as these acids are 
combined with optically inactive substances. Their compounds with 
optically active bodies exhibit, on the other hand, neither similar com 
position nor equal solubility; neither are they similarly affected by rise 
of temperature. In many instances, indeed, the one acid is capable of 
forming compounds which cannot be obtained with the other. Thus, acid 
tartrate of ammonia combines in equal numbers of atoms with optically 
active acid malate of ammonia (p. 213); but acid antitartrate of am¬ 
monia does not form any such compound. — The compound of anti- 
tartramide with optically active nialamide is much more soluble than the 
corresponding compound of tartramide, and differs from it in crystalline 
form (p. 345). — Asparagine forms a beautifully crystalline compound 
with tartaric acid, hut with antitartaric acid only a syrupy, non-crystal¬ 
lising liquid. —- Similar differences are observed in the compounds of the 
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two acids with organic alkalis. Thus neutral tartrate of cinchonine 
contains 8 At. water; gives off its water and becomes coloured at 100 3 , 
and dissolves readily in absolute alcohol; whereas the neutral anti- 
tartrate contains only 2 At. water, and though it likewise gives off its 
water at 100°, and from that point upwards exhibits the same com¬ 
position as the tartrate, can nevertheless support a temperature of 140° 
without becoming coloured; it is also but sparingly soluble in absolute 
alcohol. — The tartrates and antitartrates of brucine also differ in crys¬ 
talline form, solubility, &c. — The corresponding salts of strychnine 
contain equal quantities of water of crystallisation, but differ in the force 
with which they retain their water, also in form and in solubility. 

The rotatory powers of the two opposite acids are altered in an 
equal degree by combination with an optically inactive substance, such 
as potash; but combination with an active substance, such as cinchonine, 
increases the rotatory power of the one acid while it diminishes that of 
the other, and if its own optical power be sufficiently great, may even 
reverse it. (Pasteur.) 


T Inactive Tartaric Acid. 

C 8 H 6 0 12 =C 8 H 6 0 6 ,0 6 . 

Pasteur. Gompt rend. 37, 162; Ann. Pharm . 88, 212; Chem. Soc 
Qu. J. 6, 277. 

Obtained from ordinary tartaric or antitartaric acid by the same process 
as artificial racemic acid, viz., by heating the tartrate or antitartrate of 
cinchonine. When the racemic acid thereby produced has been pre¬ 
cipitated as a lime-salt, the liquid, if immediately filtered, deposits, after 
24 hours, crystals of inactive tartrate of lime, from which the acid may 
be obtained by the action of sulphuric acid. The formation of the 
inactive tartaric acid takes place at the expense of the racemic acid pre¬ 
viously formed; for, when racemate of cinchonine is kept for some hours 
at 170°, a large proportion of the racemic acid is converted into inactive 
tartaric acid. 

Inactive tartaric acid is identical in composition with ordinary 
tartaric acid, and resembles it in ail its properties, excepting that it has 
no action upon polarised light. It is distinguished from racemic acid by 
not being divisilde into two oppositely active acids. It is crystallisable, 
and forms salts quite equal in beauty to the tartrates and racemates. 
(Pasteur.) IT. 
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Furfene-series. C 10 H 6 . 
a. Oxygen-nucleus, C 10 II 4 O 3 . 

Furfurol. 

C 10 H 4 O 4 =C l0 H 4 O 2 ,O 3 . 

Dobereiner. (1831.) Schw. 63, 368. — Ann. Pharm. 3, 141; J. pr 
Chem. 46, 167. 

Stenhouse. Ann. Pharm. 35, 301; also Phil. Mag. J. 18, 122.— 
Farther: Ann. Pharm. 74, 278; abstr. Pharm . Oenir . 1850, 625; 
Phil. Mag. J. 37, 226; Instit. 1 850, 412. 

G. Fownes. Phil. Trans. 1845, 253; also Ann. Pharm. 54, 52.— 
Farther: Pharm. J. Trans. 8, 113. 

Cahotjrs. IP. Ann. Ghim. Phys. 24, 277; also Ann. Pharm. 69, 82; 
also J. pr. Chem. 46, 45. 

Artificial Oil of Ants , kunstlicTies Amei&endl. 

Formation. 1. By heating sugar with moderately dilute sulphuric 
acid and peroxide of mangauese. (Dobereiner.) — 2. By heating bran 
(Morson <£ Fownes) or flour (Stenhouse, Fownes) with moderately dilute 
sulphuric acid. — When sugar, starch, or saw-dust is distilled with dilute 
sulphuric acid without manganese, no furfurol is obtained. (Dobereiner.) 
— Cahours likewise obtained none from pure starch, woody fibre, or 
gluten with dilute sulphuric acid; and bran distilled merely with water, 
likewise yielded no furfurol. According to Stenhouse, on the other 
hand, chips or shavings distilled with dilute sulphuric acid, yield furfurol; 
also linseed cake, the woody shell of the cocoa-nut, and mahogany. The 
furfurol obtained from mahogany is very free from resin, and more easily 
purified than that obtained from other sources. According to Emmet 
{SUL Amer. J. 32, 140; also J. pr. Chem. 12, 120), sugar, starch, gum, 
and wood, distilled with sulphuric acid, so far diluted as not to exert any 
carbonising action, yields at 100°, scarcely anything but furfurol; but as 
soon as the residue blackens, nothing but formic acid is obtained. — 
IT. Fownes likewise obtained only indistinct indications of furfurol by 
distilling starch with dilute sulphuric acid, and from recently washed 
linen, not a trace. He is of opinion that the source of the furfurol is to 
be found in the matter which lines the interior of the vegetable cells, 
called by Payen, maliere incrmtante. —3. By heating bran with a very 
strong solution of chloride of zinc. The greater the quantity of starch 
in the bran, the smaller is the quantity of furfurol obtained. Pure starch 
and pectin distilled with chloride of zinc, do not yield furfurol. Bran 
distilled -with chloride of calcium does not yield furfurol, but possibly 
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might do so if heated under pressure. (Babo, Ann. Pharm. 85, 100.) — 
4. Furfurol is likewise found among the products of the dry distillation 
of sugar. (Yolckel, Ann. Pharm. 85, 59.) IT. 

Preparation . 1 . One part of sugar is distilled with 3 pts. of man¬ 

ganese, 3 pts. of oil of vitriol, and 5 pts. of water; the formic acid in the 
distillate saturated with carbonate of soda; the liquid redistilled; the 
distillate saturated with chloride of calcium; and lastly, the furfurol dis¬ 
tilled off. (Dobereiner.) — 2. One part of wheat-flour or saw-dust is 
distilled with 1 pt. of oil of vitriol diluted with an equal bulk of water in 
a copper still, which may be half filled with the mixture, the distillation 
being continued till the residue begins to char; the distillate, together 
with about as much water as was at first used, poured back into the still; 
the liquid redistilled nearly to dryness; the formic and sulphurous acids 
in the distillate — which is rendered milky by the furfurol — saturated 
with hydrate of potash, which colours the liquid yellow; one-fourth of 
the liquid then distilled off; the resulting distillate mixed with a large 
quantity of chloride of calcium and partially distilled; and this process 
repeated, if necessary, till the greater part of the oil, which is surmounted 
by an aqueous solution of itself—is obtained in the free state. By this 
process, 100 pts. of flour yield 0*52 pts. of furfurol. (Stenhouse.) — 

3. Two parts of oatmeal are heated with 2 pts. of water and 1 pt. of 
oil of vitriol in a still, and the mixture stirred, till the pasty mass has 
become liquid from formation of dextrin; the liquid then distilled; 1 pt. 
more of water added as soon as sulphurous acid begins to escape; the 
distillation continued till sulphurous acid conies off in larger quantity; 
the whole distillate poured back into the still; half of it poured off; and 
this half neutralised as in (2), with hydrate of potash, &c. (Fownes.) — 

4. Two pts. of bran are distilled in a similar manner with 2 pts. of oil of 
vitriol and 6 pts. of water: by this process, 100 pts. of bran yield 0*8 
pts. of furfurol. (Fownes.) In subsequent experiments, Fownes obtained, 
by distilling 64 oz. (troy) of wheat-bran with 32 oz. sulphuric acid and 
an equal volume of water, 1 oz. of furfurol; and from 64 oz. wheat flour, 
treated in the same manner, about drm. of impure furfurol. — 5. Six 
pts. of bran are distilled with 5 pts. of oil of vitriol and 12 pts. of water in 
a capacious still, till a strong odour of sulphurous acid is emitted, and the 
distillate partially and repeatedly rectified over chloride of calcium. 
100 pts. of bran } T ield by this process 2*6 pts. of furfurol in all, part of 
wdiich is held in solution in the w r atery distillate, but may be precipitated 
by ammonia in the form of furfuramide. (Cahours )—6. To save the 
repeated rectifications, the first bran distillate may be immediately satu¬ 
rated with ammonia; the mixture set aside for 24 hours in a cool place, 
and shaken occasionally; the furfuramide which separates distilled with 
dilute hydrochloric acid not in excess, and the distillate rectified over 
chloride of calcium. (Dobereiner.) — IT. 7. According to Stenhouse, the 
most advantageous process for preparing furfurol is to distil bran with 
more than half its weight of sulphuric acid previously diluted with 2 pts. 
of water. Hydrochloric acid may also be used, but it has the disadvan¬ 
tage of distilling over with the oil. To obtain furfurol in large quantity, 
Stenhouse mixes 32 pounds of wheat-bran with 20 pounds of sulphuric, acid, 
diluted as just mentioned, in a capacious three-necked glazed earthenware 
Woulfe’s bottle (sncli as are used in the preparation of nitric and hydro¬ 
chloric acid on the large scale); distils by passing steam into the mixture; 
neutralises the strongly acid distillate with chalk: rectifies the distillate 
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repeatedly; and separates the oil by saturating the liquid with common 
salt and redistilling: this process yields from 12 to 13 ounces of crude 
furfurol, containing a considerable quantity of acetone. 

Bran and chloride of zinc (in the proportion of 3 to : 1), in the 
state of solution strong enough to form a damp mass cohering in lumps, 
are distilled together, whereupon water passes over first, then fnrfurol, 
then hydrochloric acid, and lastly a solid fatty mass consisting of margaric 
acid, with a small quantity of a hydrocarbon. The distillate is st ained 
through linen, neutralised with potash, saturated with common salt, and 
rectified; and the furfurol, after being separated from the water which 
passes over with it, is dried over chloride of calcium and again rectified. 
The watery portion of the distillate still contains a little furfurol, which 
may be converted into furfuramide as in (6). Six pounds of bran thus 
treated yielded from 1 to 2 oz., and sometimes more of furfurol; bran 
containing a larger proportion of starch yielded less. (Babo, Ann. Pliarm. 
85 , 100.)" 

Crude furfurol obtained from any of the preceding sources is always 
contaminated with another aromatic oil, Metafurfurol , which has a higher 
boiling point; oxidises very readily; is for the most part converted during 
the distillation into a brown resin; and when mixed with a few drops of 
strong sulphuric, hydrochloric, or nitric acid, immediately exhibits a 
purple colour, a reaction, formerly indicated by Stenhouse and Fownes as 
characteristic of furfurol, erroneously, however, for pure furfurol does not 
exhibit it. Furfurol may be freed from metafurfurol by repeated rectifi¬ 
cation; the latter being less volatile, and much more oxidable, remains 
behind. The purity of the product may be tested by boiling an aqueous 
solution of the furfurol for a few minutes with caustic potash, and treating 
the dark yellow liquid with excess of sulphuric or hydrochloric acid; if 
metafurfurol is present, a deep red colour is produced; if not, the colour 
remains unchanged. (Stenhouse.) IT. 

Properties. Colourless oil. (Stenhouse, Dobereiner) Colourless when 
recently prepared, but soon turns yellow, even in the dark, and brown 
when exposed to light; under water these changes take place more 
slowly. (Fownes.) Refracts light stongly. (Dobereiner.) Sp. gr. 
1T006 at 16° (Stenhouse); 1*168 at 16°. (Fownes.) Boils steadily at 
161 7° (Fownes); at 162° (Cahours); at 168°. (Stenhouse.) [Later deter¬ 
minations: Sp. gr. 1*1648 at 15 6°. (Fownes.) Boils at 162*8° to 163*3°, 
In metallic vessels, bar. 29*9 inches (Fownes); at 66°. (Stenhouse.) The 
lower boiling points found by Cahours and Fownes appear to be due to 
the presence of acetone. (Stenhouse.)] Volatilises unchanged. Vapour- 
density = 3*344 (Cahours); 3*49. (Fownes.) Smells like a mixture of 
the oils of cinnamon and hitter almonds (Dobereiner, Fownes), and has 
an aromatic taste like that of cinnamon-oil. 


Stenbouse. Fownes. Cahout s. 
10 C . . .. 60 . 62*50 .... 62*34 62 33 .... 62*35 

4 H . 4 . 4*17 . ... 4*40 . 4*29 . 4*26 

4 0. .. 32 . 33*33 . 33*26 33*38 33*39 


C 10 H 4 O 4 . 96 .. 100*00 ... 100 00 .... 100*00 100*00 


Vol. Density. 

10 4*1600 

4 . .. 0*2772 

2 2*2186 

Furfural-vapour. 2 .... 6*6558 


C-vapour. 

H-gas ... . 

O-gas 
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Decomjoositions. 1 . Furfurol is very inflammable , and burns with a 
3 r ellow, very smoky flame. (Stenhouse.) —2. When kept under water, it 
merely turns yellow, but by itself it turns brown in a few hours, and is 
converted in the course of years into a brown tar, which when distilled 
with water, gives off the undecomposed portion of the furfurol, together 
with a small quantity of formic acid, and leaves a pitchy residue, inso¬ 
luble in water, but soluble in potash, and precipitated therefrom by acids. 
(Fownes.)— 3. With Chlorine it merely forms black resinous products. 
(Cahours.) — 4. Hot FUric acid (even when dilute, according to Cahours), 
converts it, with violent evolution of nitrous fumes, into oxalic acid. 
(Fownes.)— Metafurfurol is converted by nitric acid into oxypicric or some similar 
acid. (Stenhouse.) —5. By sulphuric acid with Peroxide of Manganese. 
or by Chromic acid, it is quickly converted into a brown substance. 
(Cahours.) — 6. The solution of furfurol in cold Oil of Vitriol decom¬ 
poses when heated, with formation of sulphurous acid and charcoal. 
(Fownes.) — 7. Cold Hydrochloric acid imparts to it a fine red, hot hydro¬ 
chloric acid, a dark brown colour. (Stenhouse.) It behaves with strong 
hydrochloric acid in the same manner as with oil of vitriol. (Fownes.) 
[Pure furfurol is converted by strong hydrochloric or sulphuric acid into 
a black-brown resin, without previous red colouring; metafurfurol is 
coloured purple by those acids, and also by nitric acid. (Stenhouse, Ann. 
Phai'm.74:, 2S2.)]<—8. It dissolves slowly in cold, more quickly in hot 
potash-ley , and is precipitated therefrom by acids, in the form of a resin. 
(Fownes.) It is not decomposed by aqueous or alcoholic potash, but when 
heated with solid hydrate of potash it is converted into a resin. (Sten- 
liouse.) — 9. Potassium decomposes it with evolution of gas. (Stenhouse) 
— Potassium acts but slowly upon it in the cold, but when heated with 
it, produces fiery explosion and separation of charcoal. (Fownes.) — 
10. With Ammonia, furfurol forms furfuramide. (Fownes, p. 376.) — 
%. Other products, not of basic character, are likewise formed. When fur¬ 
furol purified by distillation over lime, was treated with ammonia, and the 
mother-liquor separated from the furfuramide evaporated, it deposited 
long crystalline needles of a black-brown deliquescent substance, which 
exhibited an acid reaction when dissolved in water, and gave off ammonia 
on being beared with potash or with lime. In the latter case, a neutral, 
deliquescent, crystallisahle lime-salt was formed, containing an acid not yet 
examined. (Svanberg & Bergstrand, J.pr. Chem. 66, 230.) —11. With 

Sulphide of Ammonium, furfurol forms thiofurfol. (Cahours, p.374.) — 
[Metdfurfuiol does not form any crystalline amide with ammonia, but is converted 
by that body into a brown resinous mass. (Stenhouse.)] 

Combinations . Furfurol dissolves pretty abundantly in Water, im¬ 
parting its odour. (Dobereiner & Stenhouse.) — Metafuifurol is less soluble. 
(Stenhouse.) — Furfurol dissolves in 12 pts. of water at 15*6°; (Fownes,) 
in 11 pts. at 13° (Stenhouse). 

Furfurol dissolves in cold Oil of Vitriol with splendid purple-red colour, 
[without colour when free from metafurfurol (Stenhouse),] and is sepa¬ 
rated from the solution by water. (Fownes.) 

It dissolves Iodine abundantly, without violent action. (Stenhouse.) 

It dissolves in 9 pts. of strong aqueous ammonia at 13'5°. (Sten¬ 
house.) 

It dissolves very readily in Alcohol. (Stenhouse, Fownes.) 

•[[". Fuchsol. — Obtained by treating sea-weed, e. g. Fucus nodosus , 
F. vesiculatus, F . serratus, kc. with dilute sulphuric acid, in the same 
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manner as bran is treated for the preparation of furfurol (p. 371, 7). 
The oil thus obtained contains a large quantity of acetone, which may¬ 
be removed by washing with water, redistilling at a lower temperature, 
and rejecting the first portion which passes over. It also contains meta- 
furfurol, or a similar impurity, from which it may be separated by 
repeated rectification with -water, as in the purification of furfurol. 
Lastly, it is dried over chloride of calcium and redistilled. The quantity 
of fucusol thus obtained from sea-weed, is only about a fourth of that 
of the furfurol obtained from bran. (Stenhouse, Ann. Pharm. 74, 284.) 

Fucusol resembles furfurol in most of its properties. When recently 
prepared, it is colourless, hut turns yellow and brown in a few days, 
especially when it contains metafurfurol. In the pure state, it may be 
kept unaltered for a long time in hermetically sealed tubes. Sp. gr. IT50. 
Boiling point between 171° and 172°. (Stenhouse.) 

Stenhouse. 


10 C. 60 .... 62*50 62*19 .... 62*59 . .. 62*32 

4 H . 4 .... 4*17 4*43 .... 4*59 .... 4*48 

4 O . 32 ... 33*33 33*38 ... 32*82 . .. 33*20 


C 10 H 4 O 4 . 96 .... 100-00 . 100*00 .... 100*00 . . 100 00 


Isomeric with furfurol: Stenhouse gives the formula C 15 H 6 0 6 ; he does not appear 
to have determined the vapour-density. 

Fucusol is much less stable than furfurol. Sulphuric acid colours it 
yellowish brown, hydrochloric acid green, and nitric acid light yellow; if 
however it contains metafnrfurol, all these acids colour it purple-red. 
Potash-ley colours it yellow at first, but the colour afterwards changes to 
dark-red. It imparts a deep yellow colour to the skin, and on moistening 
the yellow spots with aniline, a rose-colour is produced (the same reac¬ 
tion is exhibited by furfurol). — With ammonia fucusol forms fucusamide 
isomeric with furfuramide, and with sulphide of ammonium it forms tliio- 
fucusol isomeric with thiofurfol. (Stenhouse.) 

Fucusol dissolves in 14 pts. of water at 13°, and in 12 pts. of strong 
aqueous ammonia at 13*5°. (Stenhouse.) 

Moss ( Sphagnum) and various species of lichen, Cetraria islandica , Usnea , Rama- 
Una , &c., distilled as above with dilute sulphuric acid, yielded an oil which appeared to 
be identical with fucusol, inasmuch as it formed with ammonia an amide, which, when 
treated with boiling potash-ley, formed a difficultly crystallisable base whose platinum- 
salt crystallised in the same form as that of fucusine (p. 383). Fern (Pteris aquilina) 
yielded an oil which appeared to be intermediate in its properties between furfurol and 
fucusol, the base formed by treating its amide with potash crystallising with facility and 
in the same form as furfurine, while the platinum-salt resembled that of fucusine. 
(Stenhonse.) 


TMofiirfol. 

C 10 H 4 0 2 S 2 = C 10 IPO 3 ,S 2 . 

Cahours (1S48). W. Ann. Chun. Phys. 24, 281; also Ann, Pharm . 
69, 85; also J. pr. Chem. 46, 45. 

Foimfiation. By the action of sulphide of ammonium on furfurol; or 
of sulphuretted hydrogen on furfuramide. 

C 10 H 4 O 4 + 2NH 4 S = C 10 Il 4 O“S 3 + 2HO + 2NI4 3 j 

and 


C^NTUW + 6HS = 3C 10 H 4 O 2 S 2 + 2NH 3 . 
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Preparation. Sulphuretted hydrogen is slowly passed through a 
solution of furfuramide in a large quantity of alcohol, and the preci¬ 
pitated powder washed with alcohol. (Cahours.) — Fucusaxnide similarly 
treated yields thiofucusol, isomeric with, and similar in every respect to, 
thiofurfol. (Stenhouse.) 

Properties. Yellowish crystalline powder. If the sulphuretted hydro¬ 
gen be passed quickly through a warm concentrated alcoholic solution of 
furfuramide, the thiofurfol separates in the form of a resin, but with the 
same composition. (Cahours.) 

Cahours. Stenhouse. 

pulverulent resinous . ThiofucusoL 


10 c. 

. 60 

.... 53*58 ... 

. 53*71 .. 

... 53*29 

.... 53-12 

4 H . 

. 4 

.... 3*57 .... 

. 3*69 .. 

... 3*82 

.... 3*95 

20 . 

. 16 

.... 14-28 .... 

14*32 .. 

... 14-72 

.... 14*28 

2 S . 

. 32 

.... 28-57 .... 

. 28*28 . 

.. 28-17 

.... 28*65 

C 10 H 4 O 2 S 2 . 

. 112 

.... 100*00 .. 

.... 100*00 . 

... 100*00 

.... 100*00 


Stenhouse’s thiofucusol was precipitated from a cold alcoholic solution of fucu- 
samide. 

decompositions . 1. Thiofurfol melts when heated, and yields a sub¬ 
limate of C 18 H 18 0 4 (vid. inf.). [Probably thus: 

2C 10 H 4 O 2 S 2 = C 1S H S 0 4 + 2CS 2 .] 

2. When heated in contact with the air, it diffuses a strong repulsive 
odour, and burns with a bluish flame, somewhat smoky, and with the 
odour of sulphurous acid. (Cahours.) 

The compound, C 18 H 8 Q 4 , purified by two crystallisations from alcohol, 
appears in colourless or yellowish, iridescent, long, hard, easily friable 
needles. 

It is violently attacked by nitric acid, and converted into oxalic 
acid. 

It is insoluble in cold water, but dissolves sparingly in hot water, 
whence it crystallises on cooling; tolerably well in ether; and also in 
alcohol, especially when warm, forming a solution which slowly turns 
brown on exposure to the air. (Cahours.) 

Cahours* 

18 C . 108 .... 72*97 . 72*91 

4 H. 8 .... 5*41 . 5*27 

4 0 . 32 .. 21*62 21*82 

C 1S H 8 0 4 . 148 .... 100*00 .. 100*00 

[Doubtless belonging to the ketones (vii, 214) = C 10 H 4 O 4 + C S H 4 .] Stenhouse 
obtained a similar compound from thiofucusol, but not in sufficient quantity for analysis. 
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Conjugated Compounds of Furfurol 

Furfuramide. 

C 30 N 2 H 12 O Pl =C 30 Ad 2 H 8 O 6 ? 

Fownes (1845). Phil Tram, 1845, 253; also Ann. Pharm. 54, 52. 

Formation and Preparation. Furfurol set aside with five times its 
volume of aqueous ammonia, is converted partially in a few hours, and 
completely after a longer time, into a yellowish white, bulky, crystalline 
mass of furfuramide. A mixture of aqueous furfurol and ammonia yields 
the same compound in a few days, purer and whiter (Fownes): 

3C 10 H 4 O 4 4 2NH 3 = WH Lft O + 6HO. 

Properties. The yellowish white crystalline mass, dissolved in hot 
alcohol, crystallises on cooling in short needles united in tufts. Fusible. 
Nearly inodorous when dry. (Fownes.) 

Stenhouse obtained fucusamide from fucusol, in a similar manner 
to the above; but as fucusol is much less soluble in ammonia than fur¬ 
furol, a larger quantity of ammonia must be used in the preparation, 
and the two liquids mixed by frequent agitation, Fucusamide thus 
obtained resembles furfuramide in appearance and properties, and crys¬ 
tallises from hot alcohol in groups of long needles. 


30 C . 

. 180 . 

... 67-17 . 

Fownes. 

Furfuramide. 

Stenhouse 

(mean) 

Fucusamide. 

67*11 

2 N. 

. 28 . 

... 10*45 . 

. 10-43 

10*23 

12 H. 

. 12 . 

4*47 . 

. 4*51 

4*66 

60 . 

. 48 . 

.. 17-91 . 

.. . 18*47 

18*00 

C3°N 2 H D 0 6 . 

. 268 . 

... 100-00 . 

. 100*00 

... 100*00 


Decompositions. 1. Furfuramide burns with a smoky flame, and 
leaves a small quantity of charcoal. — 2, When exposed to damp air, or 
heated with water or alcohol, it is slowly resolved into ammonia and 
furfurol; acids produce this decomposition instantly. (Fownes.) Fucusa¬ 
mide is much less stable than furfuramide. (Stenhouse.)—3. Furfura¬ 
mide boiled with dilute potash-ley, is converted, without the slightest 
evolution of ammonia, into furfurine. (Fownes.) Similarly, fucusamide 
into fucusine. (Stenhouse.) — 4. F urfuramide treated with sulphuretted 
hydrogen yields thiofurfol (Cabours); and fucusamide yields thiofucusol. 
(Stenhouse.) 

Combinations . Furfuramide is insoluble in cold water , but dissolves 
readily in alcohol and ether. (Fownes.) 
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Furfurine. 

C 3 °N 2 H 12 0 8 = C 30 N s H“O‘,H s . 


Fownes. (1845.) Phil. Tram. 1845, 253; also Ann. Pharm. 54, 52. 
Steneouse. Ann. Plmrm. 74, 289. 

S van berg X r . Bergstrand. — Oefversigt of AJcad. Forhandlingar , 1854, 
309; J. pr. Chem. 66, 239. 

Formation and Preparation. 1. Dried furfuramide is added to a 
large quantity of dilute boiling potash-ley; the liquid left to cool slowly 
after 10 to 15 minutes, whereupon the furfurine which has separated in 
the form of a yellowish oil solidifies, and the portion remaining in solu¬ 
tion crystallises out; the whole of the furfurine collected on a filter, 
washed with cold water, and dissolved in excess of boiling aqueous 
oxalic acid, from which impure acid oxalate of furfurine crystallises on 
cooling; this impure oxalate washed on the filter with cold water, and 
dissolved in boiling water; the solution boiled for a few minutes with 
animal charcoal previously purified by hydrochloric acid, then filtered at the 
boiling heat; the pure white salt which separates on cooling dissolved in 
boiling water; the solution supersaturated with ammonia, and filtered hot; 
and the crystals of furfurine which form on cooling washed with cold water. 
(Fownes.)— IT. The crude base may also be purified by repeated solution 
in alcohol and precipitation with water. (Svanberg & Bergstrand.) —* 
2. Furfuramide is also readily converted into furfurine by heating it for 
half an hour to 110°—120°. The resulting brown mass dissolved in 
alcohol, and treated with excess of oxalic acid, yields acid oxalate of 
furfurine, from which the base maybe obtained as above. By this means 
furfurine may be prepared directly from furfurol, viz., by passing dry 
ammoniacal gas into furfurol, heated to 110°—120°. The furfurol then 
turns brown, and in the course of half an hour to an hour, is converted 
into furfurine. (0. Bertagnini, Ann. Pharm. 88, 128.) IT. 

Properties « White soft, silky needles, resembling those of cofieine. 
Melts considerably below 100°, to a nearly colourless oil, which, on 
cooling, solidifies to a soft resin, and afterwards to a resinous crystalline 
mass. Permanent in the air, (Fownes.) When perfectly dry, it remains 
unaltered on exposure to the air; but when moist, it quickly turns 
greyish green, yellowish brown, and often red. (Svanberg & Bergstrand.) 
Inodorous; has but little taste. Has an alkaline reaction, which is 
particularly strong in the hot aqueous or alcoholic solution. (Fownes.) 
IT. When a tolerably strong solution of neutral sulphate of furfurine is 
heated, the precipitated brown powder (p. 379) separated by filtration, 
and the filtrate treated with ammonia, furfurine is precipitated, not in the 
pulverulent or crystalline state, but in the form of a tough coherent mass, 
which, after a little kneading, becomes brittle and as hard as stone; the 
recently precipitated mass, when examined by the microscope, exhibits 
here and there cry&talline groups like snow-flakes. Furfurine appears 
then when heated to pass, like quinine, into another modification. 
(Svanberg & Bergstrand.) IF. 
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Crystals dried in vacuo 

over oil of vitriol. 


Fownes. 

30 C . 

. 180 .... 

67-17 ... 

. 66-74 

2 N . 

. 28 ... 

10*45 ... 

. 10-23 

12 H . 

. 12 .... 

4-47 ... 

.... 4-58 

6 O . 

. 48 .. 

17*91 

. ... 18-45 

CMn^eW . 

. 268 .... 100*00 ... 

. ... 100-00 


Therefore metameric with furfuramide. 

Decompositions. 1. Furfurine, when heated in tlie air, burns with a 

red smoky flame, and leaves a trace of charcoal. (Fownes.) — 2. Aqueous 
periodic acid decomposes it, with separation of iodine. (Bodeker, Ann. 
Pharm. 71, 64.) 

Combinations . Furfurine dissolves in 137 pts. of boiling water , and 
separates oat almost completely on cooling. (Fownes.) 

Furfurine-salts. — Furfurine dissolves very readily in dilute acids and 
neutralises them completely. It expels ammonia from sal-ammoniac at a 
boiling heat, but at ordinary temperatures is itself precipitated from its 
combinations with acids, by ammonia, potash, or soda. The salts of 
furfurine have an extremely bitter taste. They are precipitated white 
by corrosive sublimate, yellow by bichloride of platinum, but give no 
precipitate with tincture of galls. (Fownes.) 

Furfurine is capable of combining with carbonic acid. (Dobereiner.) 

IT. Phosphate of Furfurine. — a. Basic . — A solution of the salt c, 
mixed with a large excess of the alcoholic solution of furfurine, deposits 
this salt on cooling, in long, oblique, four-sided prisms, which are white 
and destitute of lustre,' anhydrous; permanent in the air; may be 
heated to 120°—125° without decomposition, but at higher temperatures, 
behave like the two following salts. They dissolve readily in water and 
alcohol, but very sparingly in ether. The solutions have an alkaline 
reaction. (Svanberg & Bergstrand.) 

Crystals. Svan. & Bergs. 

3(C^N^H^O 6 ,HO) . 833*0 ... 92-1 

PO 5 . 71*4 .... 7-9 ..... 7'7 

(OTSPH^HO^.PO 5 ...... 904-4 .... 100*0 

b. Neutral .— Obtained by adding 1 At. furfurine dissolved in alcohol 
to a solution of 1 At. of the salt c, and heating the mixture. The filtrate 
on cooling deposits white shining, oblique four-sided, anhydrous prisms, 
which in the dry state are permanent in the air. They may be heated 
to 130°—135° without decomposition, but at higher temperatures behave 
like the salt c. Dissolves readily in boiling water or alcohol, but is 
nearly insoluble in ether. (Svanberg So Bergstrand.) 

Crystals . Svanb. & Bergs. 


2 ( C^N^H^O 5 , H O) . 

. 554-0 . 

... 87*3 

HO . 

. 9-0 . 

... 1*4 

PO 5 . 

. 71-4 . 

... 11*3 

(C 30 N3H ^O«,HO)*n vn , 

HO j .. 

. 634*4 ., 

... 100*0 


c. Acid. —A boiling alcoholic solution of furfurine, mixed with a 
large excess of ordinary phosphoric acid, deposits crystals on cooling, 
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which gradually assume a brownish yellow colour, if left in the mother- 
liquor; but if quickly taken out and pressed between paper, retain their 
silvery lustre on subsequent exposure to the air.—Right four-sided 
prisms, so short that they appear like thin laminae. The crystals do not 
diminish in weight or decompose at 150°; but when more strongly 
heated, they assume a blackish grey colour, and between 200° and 215 , 
melt into a black vitreous mass, which dissolves completely in warm 
alcohol, and then no longer exhibits the reactions of ordinary phosphoric 
acid. The salt dissolves sparingly in cold, readily in hot water and 
alcohol, but appears to be insoluble in ether. (Svanberg & Bergstrand.) 

Crystals. Svanb. & Bergs. 

CSWH^HO . 277*0 .... 75-6 

2 HO . 18*0 .... 4*9 

PO 5 . 71*4 . 19*5 20*7 

C-N-'H-OMiO | pQ3 .. 366 . 4 ml00 , Q 


Pyrophosphate of Furfurine. — An alcoholic solution of furfurine, 
neutralised with pyrophosphoric acid and evaporated in the drying 
chamber, ultimately yields a glassy crystalline crust, which dissolves 
readily in water and alcohol, and lias a neutral reaction. Gives off 1*5 
p. c. water at ordinary temperatures, and 2*14 p. c. more at 100°. Hence 
if the 1*5 p. c. be regarded as hygroscopic, the salt may be supposed to 
contain 2 At. water. Between 115° and 120°, it assumes a greyish 
aspect, apparently from incipient decomposition. (Svanberg & Berg- 


strand.) 

Anhydrous . 

2 (C 30 N 2 H 12 O 6 ,HO). 

PO 5 . 

554*0 

71*4 

.... 88*6 
.... 11*4 

Svanb. & Bergs. 

. 11*7 

( C 30i^fl 12 O 6 ,H0) 2 ,PO 5 . 

625*4 

.... 100*0 


Hydrated. 

(C^N=H E 0 6 ,H0) 3 ,P0 s . 

625*4 

... 97*19 

Svanb. & Bergs. 

2 HO . 

18*0 

... 2*81 

. 2*14 

.(C 30 N 2 H 12 O«,HO) :: ,PO 5 + 2Aq . 

643*4 

.... 100*00 



Metaphosphate of F inf urine ?—When strongly ignited phosphate of 
soda and ammonia was dissolved in water, the solution precipitated by 
chloride of barium, and the washed metaphosphate of baryta digested for 
24 hours with neutral sulphate of furfurine, a filtrate was obtained which 
had a neutral reaction, but did not yield any crystallisable compound. 
When evaporated, it left a gummy mass, which became black and glassy 
when heated. (Svanberg & Bergstrand.) 

Sulphate of Furfurine — a. Neutral. —Sulphuric acid saturated with furfurine 
deposits when evaporated, either by heat or under the exsiccator, a black-brown powder. 
When hydrochlorate of furfurine is decomposed with sulphate of silver, crystals are 
deposited from the coloured and acid mother-liquor; but they contain only 0*3p.c. 
sulphuric acid, and therefore cannot consist of sulphate of furfurine. 

b. Acid. — When furfurine is dissolved in somewhat dilute sulphuric 
acid, and a slight excess of the acid added after the solution has been 
warmed, short four-sided prisms are soon deposited, which dissolve readily 
in water, less readily in alcohol or ether, and least of all in water acidu- 
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lated with sulphuric acid. The solution has a sour and hitter taste, and 
is coloured red by strong sulphuric acid. The salt effloresces readily at 
ordinary temperatures, giving off all its water of crystallisation, amount¬ 
ing to 21*62 p. c. (7 At.) Between 80° and 90°, it loses -J- of its weight, 
and appears to decompose; at a higher temperature, it cakes together, 
and then melts into a black mass, which no longer dissolves completely in 
water. (Svanberg & Bergstrand.) 

Dried in a current of air. Ilrgstran^ 

C 30 N-a r -O 6 ,HO. 2 11 . . 75-08 

HO . 9 .. 2-47 

2 SO 3 . 80 .... 21*85 ... 21*62 


(WH^HO) ) 0 ~ n3 

ho i - bU • 

Crystals. 

C 30 N-H l -O G ,2HO .... 

2 SO 3 . 

7 Aq 

C^N : H l -0 6 ,2 H SO 4 + 7Aq. 


366 .. 100*00 


Svanb. & Bergstr. 

28G .. 66*67 

SO 16*65 18*64 

63 14*CS 14*31 


429 . . 100 00 % 


Hydrochlorate of Furfurine. — Dilute hydrochloric acid, saturated 
with the base, yields delicate, silky, neutral needles united in tufts; 
they retain their lustre when dried in vacuo over oil of vitriol, and 
dissolve readily in water, less easily in hydrochloric acid. (Fownes.) 

Crystals dried in vacuo over oil of vitriol. Fownes. 


2 N . 

. 28*0 . 

8*68 

8*45 

15 H. 

... . 15*0 , 

4*66 

4*67 

8 O . 

64*0 

... 19*85 

. 20*41 

Cl . 

. 35*4 .. 

... 10*98 . . 

10*64 

C 3 »N=H B 0 ,i ,HCl+: 

>Aq. 322*4 . 

... 100*00 . 

. . 100*00 


Perchlorate of Furfurine. — Furfurine dissolved in warm very dilute 
perchloric acid, yields very long, thin, brittle prisms, having a glassy 
lustre and a disagreeable, saline, bitter taste; they effloresce at 60°, melt 
at 150° to 160°, solidifying on cooling to a glassy brittle mass, and 
explode at a higher temperature. They dissolve readily in water and 
alcohol. (Bodeker, Ann. Pkarm, . 71,63.) — The crystals belong to the 
right prismatic system. Bight rhombic prisms, having the angles of the 
lateral edges = 72° 33' and 107° 27', the obtuse lateral edges truncated, 
the acute bevelled; cleavage from one obtuse lateral edge-to the other. 
(Dauber, Ann. Pkarm. 71, 67.) 

Crystals. Bodeker. 

C^H^HO. 277*0 .. 71*69 72*26 

CiO 7 . 91*4 .... 23*65 23*69 

2 HO. 18*0 . 4*66 4*05 

C 3t) N 2 H 12 0 6 ,H0,C10 1 ’ + 2Aq. 386*4 . 100*00 . 100*00 

Fifrate of Furfurine. — Transparent, colourless, highly lustrous, 
hard crystals, which effloresce in vacuo over oil of vitriol, and dissolve 
readily in water, slowly in nitric acid. (Fownes.)—^[. Crystallises from 
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tlie aqueous solution in long, irregular, acuminated crystals, but from the 
alcoholic solution, in very regularly developed rhombic prisms, of con¬ 
siderable size and peculiar lustre; if, however, very strong alcohol be 
used, the crystals, which are at first perfectly transparent, soon become 
opaque, whereas those obtained from weak alcohol retain their lustre 
and transparency. (Stenhouse.) % 

Dried in vacuo. Fownes. Stenhouse. 

30 C . 180 ... 54*38 . 54 33 .... 54*45 

3 N. 42 . 12 69 

13 H. 13 .. 3*93 . 3*96 . . 4 16 

12 0 ... . .. .. 96 . 29*00 

C30 N 2h^O 6 ,HO,NO 5 . 331 100*00 

Stenhouse’s salt was crystallised from alcohol ; Fownes’s had effloresced. 

Hydrochlorate of furfurine added to aqieeous mercuric chloride, 
throws down a white double salt. (Fownes.) 

It also forms crystalline double salts with the chlorides of gold , palla¬ 
dium, and iridium. (Dobereiner, J. pr . Cheni. 46, 169.) 

Flaiinum-salt — Hydrochlorate of furfurine forms with excess of 
bichloride of platinum, a light yellow precipitate, which, when heated 
after drying, blackens, melts, and froths up strongly, giving off ammo¬ 
nia, and leaving a difficultly combustible charcoal. (Fownes.) — When 
bichloride of platinum is poured into a hot solution of hvdrochlorate of 
furfurine in weak alcohol, the double salt separates on cooling, in long 
light yellow needles resembling picrate of potash. (Stenhouse.) 

Fownes. Stenhouse. 

30 C. 180*0 . . 37*96 . 38*06 

2 N. 28*0 5*90 

13 H . 13*0 . 2*74 3*00 

6 O . 48*0 .... 10*12 

Pt . 99*0 .... 20*88 . 20*45 .... 20*70 

3 Cl . 106*2 22*40 

C 30 N 2 H 12 0 6 ,HCl,PtCl 2 ... 474*2 ... 100 00 

Acetate of Furfurine. — Uncrystallisable or very difficult to crystal¬ 
lise; very soluble in water. (Fownes.) 

Oxalate of Furfurine. — a. Neutral. — Bundles of needles, very 
easily soluble in w*ater. (Fownes.) 

h. Acid. — Thin transparent tables, which retain their lustre in a dry 
vacuum, redden litmus strongly, and dissolve very sparingly in cold, 
more readily in warm water. (Fownes.) 


34 C . 

Crystals. 

. 204 .. 

.. 56*98 ... 

Fownes. 
. 57*01 

2 N. 

... 28 „ 

.. 7*82 .. 

. 7*74 

14 H ... 

. .. 14 .. 

.. 3*91 . 

... 4*06 

14 O . ... 

. 112 . 

.. 31*29 

. 31*19 


C 30 II 2 H 12 O 6 ,C 4 H 2 O 8 . 358 .... 100*00 . 100*00 


IT. Mellitate of Furfurine. — When aqueous mellitic acid is neutralised 
with furfurine, this salt separates after a while in nodular groups of 
crystals, which by crystallisation are obtained in beautiful prisms, belong- 
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ing to the monocllnoedric system. The salt gives off 5*7 p. c. water 
between 100° and 125°, and begins to turn yellow at 130°. (Karmrodt, 
Ann. Pharm . 81, 171.) 

Acid Tartrate of Furfurine crystallises from a rather acid solution 
of furfurine in tartaric acid, in oblique four-sided prisms, which are 
permanent in the air, and do not give off water at 150°. They give off 
ammonia when heated with potash. Ammonia added to their solution 
does not precipitate furfurine. (Svanberg k Bergstrand.) IT. 

Furfurine dissolves readily in cold alcohol or ether, and crystallises 
when the solvent is evaporated. (Fownes.) 


IF. Fucusine, C 30 N 2 H 12 O 8 . 

Stenhotjse. Ann . Pharm. 74, 289. 

Formation and Preparation. When pure fucusamide (p. 376) is 
boiled for 20 minutes, with moderately concentrated potash or soda-ley, 
it melts, and is converted, without evolution of ammonia, into a slightly 
brown oil, which solidifies on cooling in the form of a yellowish resin. 
This substance contains fucusine, but does not yield that base iu the 
crystalline form, even by solution in alcohol or ether. The best mode of 
obtaining the fucusine from it, is to digest the mass at a temperature a 
little above its melting point, with nitric acid; cool the liquid till the 
resin solidifies; decant the solution, and leave it to itself till the nitrate 
of fucusine crystallises out; purify this salt by recrystallisation from 
water; and decompose its pure aqueous solution with a slight excess of 
ammonia. The fucusine then slowly separates in small laminae united in 
stellate groups. This form of crystallisation distinguishes fucusine from 
furfurine. 


30 C . 

. 180 

... 67*17 ... 

Stenhouse. 

,... 67*30 

2 N. 

. 28 . 

. 10*45 ... 

.. . 10*30 

12 H. 

. 12 . 

.. 4*47 ... 

. . 4 58 

GO . 

. 48 

... 17*91 ... 

. 17-82 

C»»N2fl B 0® . 

.. 268 . 

... 100 00 ... 

. 100*00 


Therefore isomeric with furfurine. 

Bydrochlorate of Fucusine . Very soluble; separates from highly 

concentrated solutions in short flexible needles. 

JSfitraie of Fucusine. —Preparation (vid. itfp.). Crystallises from the hot 
aqueous solution in long prismatic needles united in stellate groups. 
When crystallised from alcohol, however, it forms large rhombic prisms 
of great regularity and peculiar lustre. (For details of the crystalline forms of 
the nitrates ot fucusme and furfurine, as determined by Miller, vid. Ann.Phai m. 74, 293.) 
— The crystals obtained from strong alcohol become opaque after a 
while, but those which separate from a weak alcoholic solution retain 
their transparency. The salt when heated to 100° quickly becomes 
coloured, and decomposes. 
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Dried in vacuo. 

30 C . 

3 N . 

13 H. 

12 O. 


(WH e O*,HO,NO» 


Stenhouse. 

180 .... 54*38 54*30 

42 ... 12*69 

13 ... 3*93 4*26 

96 29-00 


231 ... 100*00 


Platinum-salt. *—When bichloride of platinum is added to a cold 
aqueous solution of hydrochlorate of fucusine, the double salt separates 
in the form of a yellow crystalline precipitate; but if the solutions are 
mixed hot, and especially if a little alcohol is added, broad four-sided 
prisms are obtained, having two wide and two narrow faces, and differing 
altogether from the long needle-shaped crystals of the corresponding 
furfurine-salt (p. 381). 



Dried in vacuo. 


Stenhouse. 

30 C . 

. 1800 

.... 37*96 .. 

. 37*84 

2 N . 

. 28*0 

.... 5*90 . 

. 6*18 

13 H . 

. 13*0 

.... 2*74 .. 

. 3*21 

6 O . 

. 48*0 

.... 10*12 .. 

. 9*70 

Pt . 

. 99*0 

. . 20*88 .. 

. 20*67 

3 Cl . 

. 106*2 

.. 22*40 . 

. 22*40 


C 30 N-H c O 6 ,HCl,PtCl- 


474*2 


100*00 


100-00 


Oxalate of Fucusine. — a. Neutral. — Besembles the following salt in 
external appearance, but is much more soluble. 

b. Acid. — When crude fucusine (p. 382) is digested with excess of 
oxalic acid, and the solution filtered hot, the acid oxalate is deposited in 
small needle-shaped crystals, which are generally coloured at first, but 
by repeated crystallisation and the use of animal charcoal, may be 
obtained in colourless silky needles. Not very soluble in cold water, 
but dissolves readily in boiling water and in alcohol. The solutions 
have a distinct acid reaction. (Steohouse.) 

Dried in vacuo. Stenhouse. 

34 C . 204 .... 56*98 . 57*08 

2 N .. 28 .... 7*82 7*82 

14 H . 14 .... 3 91 4*22 

14 O . 112 . . 31*29 30*88 

C^N^H^O 6 ,C 4 H 2 O s . 358 .... 100*00 . 100*00 If. 


Pyromucic Acid. 

C 10 H*O 6 = C 10 H 4 O 2 ,O*. 


Hottton Labillabiere. Arm. Chim, Phys. 9, 365; also N. Tr. 3, 2, 384. 
Boussingatjlt. Ann. Chim. Phys. 58, 106; also Pogg. 36, 78; also 
Ann . Pharm. 15, 184. 


Brenzschleim&'dure, brenzliche Schleimsaure , Acidepyromudgue .— Pirst observed 
by Scheele ( Opusc. 2, 114); pronounced by Trommsdorff (A Tr. 17, 1, 59) to be a 
mixture of succinic and pyrotartaric acid; recognised as a peculiar acid by Houton 
Labillardibre. 
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Preparation . Mucid acid is subjected to dry distillation; the result¬ 
ing sublimate and distillate mixed with a fourfold quantity of water; 
the liquid filtered from the oil thereby separated; the filtrate evaporated 
— whereupon acetic acid is likewise given off—and cooled till it crystal¬ 
lises; the decanted mother-liquor repeatedly evaporated to the crystal¬ 
lising point; and the entire crop of still yellowish crystals purified by 
several crystallisations from water, and subsequent distillation at 130°, 
after which the acid still exhibits a yellow tint, but may be obtained 
perfectly wdiite by recrystallisation from water. (Houton.) 100 pts. of 
mucic acid thus treated yield from 5 to 7 pts. of pyromucic acid. 
(Houton.)—IT. According to Arppe {Ann. Pharm. 87, 238), the acid 
is most conveniently obtained by evaporating the tarry liquid obtained 
by the distillation of mucic acid to dryness over the water-bath, and 
subliming the residue in a porcelain basin covered with a paper cone, as 
in the ordinary mode of subliming benzoic acid. In the course of a few 
hours, the pyromucic acid condenses in the cone in the form of elongated 
crystalline laminrn of dazzling whiteness. *([. 

Properties. Crystallised from water: Long white laminae (Houton); 
with a pearly lustre (Boussingault); — sublimed: long needles; or, if it 
first passes over as an oil and then crystallises on further cooling: white 
crystalline mass (Houton), exhibiting the granular fracture of loaf-sugar. 
(Boussingault.) The acid melts to an oil at 130° and volatilises at a 
somewhat stronger heat (above 135°, according to Boussingault), in 
white fumes having a pungent odour. (Houton.) It is inodorous, tastes 
very sour, and reddens litmus strongly. (Houton.) 





Houton. 

Boussingault. 

Malaguti. 




a. 

a. 

b. 

c. 

10 c ... 

. 60 

... 53*57 ... 

.. . 5212 ... 

.. 54-0 . 

... 54-1 

.... 54*10 

4 H. 

. 4 ., 

... 3-57 ... 

. ... 2*11 ... 

.. 3-9 . 

... 3 8 

.... 3*88 

6 O. 

. 4S . 

... 42-86 ... 

. . 45*77 ... 

. 42*1 

... 42-1 

. 42*02 

C 10 H 4 O 6 . 

. 112 . 

... 100*00 ... 

. 100-00 .. 

.. 100-0 . 

... 100*0 

.... 100 00 


a was crystallised from water, and b sublimed; the acid c analysed by Malaguti 
{Ann. Chim. Phys. 60, 200) was obtained by dry distillation of paramucic acid, and 
sublimed. 

Deco7npositio7is . The acid burns wdth flame. (Scheele.) — It is not 
decomposed by being three times evaporated in contact with nitric-acid. 
(Houton.) — 2. The potash-salt dissolved in water and gradually mixed 
with bromine, is violently attacked, with separation of a heavy red oil, 
and emission of a penetrating odour, like that produced under similar 
circumstances by citraconate of pota&h. (Cahours, N. A 7171 . Chun. Phys. 
19, 506; also J. pr. Chem. 41, 78.) — 3. The acid reduces oxide of silver 
to a black powder, with evolution of gas. (Stenhouse, J. pr. Chem. 
3*2, 262.) 

Cowribinations. With Water. — The acid does not become moist on 
exposure to the air; it dissolves in 28 pts. of water at 15° (Houton); in 
4 pts. of boiling water, whence it crystallises on cooling. (Trommsdorf.) 

The Pyromucates = C 10 H 3 MO 6 . 

Pyromucate of Ammonia. — The neutral compound gives off part of 
its ammonia when evaporated, and crystallises readily, (Houton.) 
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Pyromucate of Potash. — Crystallises witli difficulty; solidifies in the 
granular form from a concentrated aqueous solution on cooling; becomes 
moist in the air; dissolves readily in water and alcohol. 

Pyromucate of Soda. — Crystallises with difficulty; becomes slightly 
moist on exposure to the air; less soluble in alcohol than the potash-salt. 
(Houton.) 

Pyromucates of Baryta , Strontia, and Lime. — Small crystals, which 
are permanent in the air, dissolve somewhat more readily in hot than in 
cold water, but are insoluble in alcohol. (Houton.) 

Dry. Houton. 

BaO . 76*6 .. 42*65 . 42*2 

C 10 H 3 O 5 . 103*0 .... 57*35 

C 10 H 3 BaO 6 . 179*6 ... 100 00 

The alkaline pyromucates do not precipitate the salts of magnesia, alumina, 
manganese or cobalt (Houton). According to Trommsdorff, they form a white preci¬ 
pitate with nitrate of baryta , crystalline after awhile with acetate of lime, white with 
manganous sulphate, and peach-blossom-coloured with cobaltous sulphate. 

Pyromucate of Zinc. — The solution of zinc in warm pyromueic acid, 
the formation of which is attended with evolution of hydrogen, solidifies 
in a mass when evaporated. (Houton.) 

Pyromucate of Tin. — Nitrate of tin yields a white precipitate with 
pyromucate of potash. (Houton.) 

Pyromucate of Lead. — The free acid and its compounds with alkalis 
precipitate basic but not neutral acetate of lead (according to Tromms¬ 
dorff, the soda-salt precipitates nitrate of lead). The hot aqueous acid 
forms with carbonate of lead a neutral solution, on the surface of which 
brown, transparent, oily drops form during evaporation, till the entire 
solution is converted into this oily mass, which consists of undecomposed 
pyromucate of lead, and on cooling first becomes viscid like pitch, then 
white, opaque, and hard. (Houton.) 

Ferrous Pyromucate. — Iron dissolves in pyromueic acid with evolu¬ 
tion of hydrogen, forming an easily soluble salt. (Houton.) 

Ferric Pyromucate. — Alkaline pyromucates form with ferric salts a 
lemon-yellow precipitate (Houton); dingy brown-red (Trommsdorff); 
greenish black, loose granules (John, Mag. Pkarm. 9, 292). 

Pyromucate of Nickel. — The soda-salt forms an apple-green preci¬ 
pitate with nitrate of nickel. (Trommsdorff.) 

Cupric Pyromucate. — Small greenish blue crystals sparingly soluble 
in water. (Houton.) 

Mercurous Pyromucate. — The alkaline pyromucates form a white 
precipitate with mercurous nitrate. (Houton.) 

Pyromucate of Silver. — The solution of silver-oxide in the aqueous 
acid turns brown when evaporated, and yields white scales of the salt. 
(Houton.) An aqueous mixture of the lime-salt with neutral nitrate of 
silver, deposits the salt after a few days; it must then he pressed between 
paper. (Boussingault.) 

yol. x. 2 c 
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Conjugated Compound of Pyromucic Acid . 

Pyromucate of Ethyl. 

C u H 8 0 8 = C 4 H 5 O,C 10 H 3 O 5 . 

Malaguti (1837). N. Ann . Chim. Pkys. 64, 279; also Ann . Pharm. 

25, 276; also J. pr. CJiem. 11, 227. 

Pyromucic ether , Bresnzchleimsaures Aethyloxyd, Ether pyromucique. 

Preparation. A mixture of 1 pt. hydrochloric acid, 2 pts. pyromueic 
acid and 4 pts. alcohol of sp. gr. 0 814, is distilled four or five times, 
being each time cohobated to one-half, and the last time till the distillate 
begins to pass over coloured; the distillate then mixed with water, 
which throws down an oil, solidifying in a few minutes in laminae; and 
these laminae washed on the filter with cold water, pressed between paper, 
and distilled several times, removing each time the moisture which col¬ 
lects in the neck of the retort at the beginning of the distillation, till the 
whole distils without leaving any residue in the retort. 

PropeHies. Transparent, colourless, 4-, 6-, and 8-sided laminae, 
derived from a rhombic prism; of sp. gr. 1*297 at 20°; unctuous to the 
touch. The ether melts at 34°, boils between 208° and 210°, under a 
pressure of 0*756 met. and volatilizes undecomposed and without residue. 
Vapour density = 4*859. Has a powerful odour resembling that of 
benzoate of methyl and also that of naphthalin; tastes cooling at first, 
then transiently bitter and pungent, afterwards agreeably like anise and 
camphor. Neutral to vegetable colours. 


14 C .. 

8 H. 

6 O . 

. 84 

. 8 

. 48 

Malaguti. 

.... 60*00 .... CO-26 
.... 5-71 .... 5-86 

.... 34*29 ... 33-88 

C 14 H 8 0 6 .... 

. 140 

.... 100-00 .... 100-00 

C-xapour .. 

H-gas .... 

0 gas.. 


Vol. Density. 

, 14 .... 5-8240 

8 ... 0 5546 

3 .... 3*3279 

Ether- vapour.. . 

—*. 

. 2 .... 9.7065 

1 .... 4*8532 


Decompositions. The ether is not set on fire by the flame of a candle. 
— 1. In a stream of dry chlorine gas, the dry ether melts, with great 
rise of temperature, turns yellow, and is converted into chloropyromucic 
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ether of more than double the original weight. No hydrochloric acid is 
evolved, unless moisture is present. — 2, In cold nitric acid, the ether 
first liquefies and then dissolves with decomposition. — 3. Its solution in 
cold oil of vitriol or hydrochloric acid decomposes when heated. — 4. The 
ether is decomposed by aqueous potash or soda, like other compound 
ethers of the third class. Baryta, strontia, or lime-water forms with the 
alcoholic solution, a precipitate which dissolves in a small quantity of 
water. — 5. After keeping for some time, the ether becomes slightly 
coloured, and then leaves a residue when distilled. 

Combinations . Pyromucic ether dissolves very sparingly in water , 
easily and without decomposition in cold oil of vitriol or hydrochloric, 
add , and in all proportions in alcohol and common ether . (Malaguti.) 


Appendix. 

Chloropyromucate of Ethyl. 

C 14 C1 4 H S 0 6 = C 4 H 5 O,C 10 Cl 4 H 3 O 5 . 

Malaguti (1837). Ann. Chim. Phys. 64, 282; also Ann. Pha/rm. 
25, 279; also J. pr. CTiem . 11, 229. — Ann . Chim. Phys. 70, 371; 
also Ann. Pharm. 32, 41; also J. pr. Chem. 18, 53. 

Chloropyromucic ether, Chlor-brenzschleimvinester, Ether chloropyromucique. 

Preparation . Chlorine gas is passed at ordinary temperatures over 
dry pyromucic ether, as long as heat is evolved, and the resulting liquid 
freed from the excess of chlorine, which colours it yellow, by a current 
of dry air, and preserved in vacuo, or in well-closed bottles completely 
filled with it. 

Properties . Transparent, colourless syrup, of sp. gr. T496 at 19°. 
Not volatile without decomposition. Has a. strong and agreeable odour, 
like that of calycanthus; excites slowly a persistent, strongly bitter taste; 
neutral. 

Malaguti. 

14 C . 84*0 .... 29*83 30*11 

4 Cl .. 141*6 .... 50*28 49*83 

8 H . 8*0 .... 2*84 . ... 2*7 7 

6 0 ... .. 48*0 . 17*05 17*29 

C 10 Cl 4 H 8 O 6 . 281*6 .... 100*00 . 100*00 

The acid which may be supposed to exist in this ether, hut which has not been 
obtained in the separate, viz., chloropyromucic acid, would be C 10 Cl 4 H 4 O 5 . [Conse¬ 
quently a valerianic acid in whose nucleus part of the H is replaced by Cl and O, 
= C 10 Cl 4 H 4 O 2 ,O 4 . — Or might it be a hydrochlorate of chloropyromucic ether 
= C H Cl 2 B. e 0 6 ,2HCl?] Other views are given by Berzelius {J. pr. Chem. 14. 356.) 

Decompositions . The ether when heated evolves a large quantity of 
hydrochloric acid, yields but little distillate, and thickens with deposi¬ 
tion of charcoal. — 2. It is not affected by chlorine gas at ordinary tem¬ 
peratures, but when heated with it, gives off hydrochloric acid and 
other products, while the residue becomes continually poorer in chlorine. 
— 3. When exposed to moist air (or -when water is added to it), it be¬ 
comes milky, with formation of hydrochloric acid, but recovers its trans- 
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parency in a dry vacuum. — 4. The ether mixed with hot strong potash- 
ley becomes coloured, and forms a white coagulated mass, which, when 
mixed with water and boiled, gives off alcohol and disappears, with 
formation of a dark-red liquid. From this liquid, sulphuric acid, after a 
considerable time, throws down yellowish grains, together with a black 
substance, soluble in potash, but nearly soluble in alcohol; but neither 
pyromucic nor pyroracemic acid can be afterwards detected in the liquid. 
— 5. When dry ammoniacal gas is passed through the alcoholic solution 
of the ether, the liquid becomes heated, sal-ammoniac is formed, together 
with a small quantity of hydrocyanate of ammonia and a large quantity 
of charcoal, but no gas is evolved. 

Combinations. Chloropyromucic ether dissolves readily in alcohol and 
common ether. (Malaguti,) 


b. Oxygen-nucleus . C 10 H 2 O 4 . 

Croconic Acid. 

(yojpo 10 = C 10 H 2 O 4 ,O 6 . 

L. Gmelin (1825). Pogg. Ann. 4, 37. — Ann. Pharm . 37, 58. 

Liebig, Pogg. 33, 90; also Ann. Pharm. 11, 182. 

Heller, J. pr. Chem. 12, 230; and in the memoirs cited in connection 
with Rhodizonic acid (p. 398). 

Krokomaurej A tide croconique. 

Formation. When carboxide of potassium is dissolved in water, the 
chief product formed is rhodizonate of potash, which, by exposure to the 
air and evaporation, is converted into croconate of potash, and possibly 
also into oxalate, the reddish yellow colour of the solution changing at the 
same time to pale yellow. 

1. Preparation of Feutral Croconate of Potash .—Carboxide of 
potassium more or less pure, as it is deposited, in the preparation of 
potassium by Brunner & Wohler’s method (iii. 5, 6.), partly in the 
copper receiver, partly in the tubes and bottles therewith connected, is 
dissolved in water, carefully, however, because an explosion may take 
place; the liquid filtered; the carbonaceous mass washed with warm 
water as long as the water acquires a reddish yellow colour, and rhodi¬ 
zonate of potash appears mixed with the charcoal, in the form of a red 
powder; and the filtrate evaporated over the water-bath, till it yields on 
cooling yellow needles of croconate of potash, which are collected on a 
filter. — The brown mother-liquor, evaporated and cooled as often as 
yellow needles are produced from it. becomes at length thick and dark 
brown, and yields by further evaporation crystals of oxalate and bicar¬ 
bonate of potasb; and tbe still darker mother-liquor obtained therefrom, 
yields, when supersaturated with dilute sulphuric acid, a copious, dark 
brown, floccnlent precipitate, of a substance resembling humic acid, but 
dissolving with tolerable facility in hot water. The liquid containing 
sulphuric acid, filtered from this precipitate, yields by distillation, small 
quantities of hydrocyanic, formic, and acetic acids (vii, 41). — The yellow 
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needles obtained as above are purified bj pressure between paper, and 
repeated crystallisation from hot water (Gm.), this treatment being con¬ 
tinued till the pulverised salt no longer imparts a brownish yellow colour 
to strong alcohol. (Heller.) 

2. Preparation of Croconic acid. — Pulverised croconate of potash is 
digested and boiled for several hours, and with frequent agitation, with 
absolute alcohol, (or with spirit of 85 p. c. at last with addition of absolute 
alcohol,) and a very small quantity of oil of vitriol, till the turbidity, 
which a filtered sample produces with dilute chloride of barium, disap¬ 
pears completely on heating with dilute hydrochloric acid, after which 
the filtrate is evaporated. (Gm.) 

[The acid obtained by boiling finely pounded acid croconate of pot¬ 
ash with 85 p. c. spirit, is not quite free from potash.] 

The acid cannot be obtained from croconate of lead by the action of 
dilute sulphuric acid, the decomposition thereby obtained being very far 
from complete. — When croconate of lead diffused in water is decom¬ 
posed by sulphuretted hydrogen,—a reaction which takes place very 
slowly,—a brownish yellow filtrate is obtained containing sulphur. This 
filtrate assumes a deeper brown colour when exposed to the air or evapo¬ 
rated; continues to deposit sulphur even after all the sulphuretted hydro¬ 
gen has evaporated; and ultimately dries up in the air to a brown extract 
containing combined sulphur, and yielding only a very few needles. 
The extract redissolves completely in water. Tbe dark brown, litmus¬ 
reddening solution, forms with potash a similarly coloured mixture, 
which, when evaporated, yields needles of croconate of potash, and a 
dark brown mother-liquor. The above-mentioned solution precipitates 
baryta and lime-water in dark brown flakes, which dissolve in hydro¬ 
chloric acid; from protochloride of tin, neutral acetate of lead, mercurous 
nitrate, and silver nitrate, it likewise throws down dark brown flakes; 
but from alum, corrosive sublimate and terchloride of gold, flakes of a 
lighter brown colour. — Croconate of copper yields similar results when 
treated with sulphuretted hydrogen. (Gm.) 

Propei'ties. When the aqueous solution is abandoned to spontaneous 
evaporation, the acid remains in transparent, orange-yellow (sometimes 
brown) prisms and granules, which undergo no alteration at 100°. When 
the solution is evaporated over the water-bath, the acid remains in the 
form of a lemon-yellow opaque film. It is inodorous, tastes very acid 
and rough, and reddens litmus strongly. (Gm.) 

Calculation according to the analysis of croconate of potash. 


10 C . 60 .... 42*25 

2 H . 2 .... 1*41 

10 O . 80 .... 56*34 


C 10 H 2 O 10 ... 142 .... 100*00 


Decomposition. The acid, when heated, gives off first white, and 
then yellow fumes, which smell like bitumen and excite coughing, and 
leaves a small quantity of charcoal, 'which burns away easily and com¬ 
pletely (without leaving potash). (Gm.) 

Combinations . In Water, the acid dissolves readily, forming a lemon- 
yellow liquid which becomes decolorised by time. (Gm.) 








390 


FURFENE: OXYGEN-NUCLEUS C 10 H2(K 


The Croconates are all coloured, generally lemon-yellow or orange- 
yollow; some of the crystallised croconates of the heavy metals transmit 
light of a brownish yellow colour, but reflect it from their crystalline 
faces with a violet-blue colour. They decompose below a red heat, with 
glowing and sparkling, yielding carbonic acid and carbonic oxide gases, 
and a mixture of charcoal and metallic carbonate or oxide, or of charcoal 
and metal. They withstand the action of air and light, even their 
aqueous solutions not being altered by exposure to the air. The cro¬ 
conates of the soluble alkalis in particular, are soluble in water; but all 
croconates dissolve in nitric acid, with decomposition of the croconic 
acid. (Gin.) Some of the croconates of the heavy metals likewise 
dissolve in alcohol and ether. (Heller.) 

Qroconate of Ammonia. — Obtained by spontaneous evaporation of 
the alcoholic solution of the acid saturated with ammonia. — Deep 
reddish yellow, transparent tables, soluble in water and alcohol. (Heller.) 

Croconate of Pota&h. — a . Neutral. — Preparation (p. 388). The salt 
dehydrated at 100° is lemon-yellow and opaque. The hydrated crystals 
are six- or eight-sided needles of an orange-yellow colour, strongly lustrous, 
and translucent. The author sometimes obtained in the six-sided needles, 
two angles of the lateral edges == 106° and four = 127°; sometimes two 
of the angles were = 144°, and four = 109°. All however mere rough 
approximations. Heller obtained rhombic prisms with lateral edges of 
126° and 54°. — The crystals taste somewhat like nitre, are inodorous 
and neutral. They give off their water at a temperature considerably 
below 100°; and the lemon-yellow residue, when moistened with a little 
water, immediately recovers its orange-yellow tint, but is again turned 
lemon-yellow by oil of vitriol, which abstracts the water; the crystals 
are likewise dehydrated by strong alcohol. 


Dried at 100°. 


IQ C .. 60*0 .... 

2 K. 78*4 .... 

10 O . 80*0 .... 


Gm. Liebig. 

27*47 . 28*09 .... 27*41 

35-90 . 36*06 .... 35*72 

36*63 . 35*85 ... 36*87 


C 10 K?O 10 . 

218*4 .... 

100*00 .. 

. 100*00 . 

... 100*00 


Crystals . 



Gm. 

10C . 


... 60*0 .. 

... 23*58 . 

... 23*80 

2 K . 


.... 78*4 .. 

... 30*82 . 

... 30*55 

10 O . 


... 80*0 

... 31*45 . 

... 30*37 

4 HO . 


... 36*0 . 

... 14*15 . 

.... 15*28 

C 10 K~O 10 + 4A<i. 


... 254*4 . 

... 100*00 . 

.... 100*00 


The author formerly believed, on theoretical grounds, that the salt dried at 100° 
must contain 1 H more, although experiment indicated the contrary; but he retracted 
this view as early as 1826, in accordance with further investigations ( Schio . 17, 262 ; 
Mag. Pharm. 15, 141; Pogg. 7, 525.) 

The crystals when heated give off water and turn lemon-yellow; at 
a stronger heat, they again assume their orange-yellow colour without 
change of form; and at a temperature below redness, even out of contact 
of air, suddenly exhibit a glimmering light extending through the entire 
mass, rapidly giving off at the same time about 2 vol. carbonic acid gas 
to 1 vol. carbonic oxide, and leaving 66*90 p. c. of a mixture of 53*81 p. c. 
carbonate of potash and 13*09 charcoal. — The salt dissolves without 
effervescence in hot oil of vitriol, forming a yellow liquid, which on 
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cooling yields large, pale yellow transparent crystals, and at a higher 
temperature gives off sulphurous acid, becomes black-brown, swells up 
strongly, and finally, at a heat near redness, becomes decolorised and is 
converted into sulphate of potash.—Nitric acid instantly decolorises the 
aqueous solution of croconate of potash, with slight evolution of nitric 
oxide; it dissolves the crystallised salt, with brisk evolution of nitric 
oxide, but without separation of carbonic acid, forming a colourless 
liquid, which when evaporated yields neither nitrate nor oxalate of 
potash, but a yellowish white, indistinctly crystalline, saline mass, which 
at a stronger heat turns brown and detonates with moderate force. The 
colourless aqueous solution of this mass acquires when mixed with 
potash, a yellow colour disappearing on exposure to the air; precipitates 
an abundance of pale yellow flakes from baryta-water, lime-water, and 
neutral acetate of lead; and produces a rather strong white turbidity in 
a solution of mercurous nitrate, weaker in nitrate of silver. — Chlorine 
immediately decolorises the aqueous solution of the salt, which then 
precipitates baryta-water and neutral acetate of lead in pale yellow 
flakes, and leaves a pale yellow mass when evaporated. (This mass is 
very acid, and its aqueous solution heated with mercuric oxide reduces 
the mercury to the metallic state.) On the other hand, chlorine gas 
exerts no action on the heated crystallised salt. — From terchloride of 
gold, croconate of potash slowly precipitates metallic gold, especially 
with the aid of heat; from corrosive sublimate, it throws down, after 
some time, a white powder, probably consisting of calomel. 

Croconate of potash dissolves in moderate quantity and with pale 
yellow colour in cold water, and in much larger quantity in hot water, 
so that the solution solidifies on cooling. If the quantity of boiling 
water is not sufficient to dissolve the whole quantity, the undissolved 
portion becomes lemon-yellow from loss of water. The cold aqueous 
solution mixed with potash-ley deposits needles of the salt; it dissolves 
iodine without further alteration. Aqueous alcohol dissolves a very 
small quantity of the salt; absolute alcohol none. (Gm.) 

b. Acid. — When 10 pts. oil of vitriol are added to the pale yellow 
solution of 26 pts. of the neutral salt in the smallest possible quantity 
of boiling water, the liquid acquires a deep brownish yellow colour, and 
deposits immediately, or as it cools, crystals which nearly convert the 
mixture into a solid mass, and may be freed from bisulphate of potash 
by draining, washing with cold water, and repeated crystallisation. 
The acid salt is not obtained by treating the neutral salt with acetic acid. — The 
prisms in which this salt crystallises appear thicker than those of the 
neutral salt, do not form such delicate needles, and have a darker colour, 
more inclining to hyacinth-red. They redden litmus slightly. They 
retain their colour at 100°, and when more strongly heated leave a 
black mixture of charcoal and carbonate of potash, exhibiting incan¬ 
descence. (Gm.) 


\ / 

20 C. 

Air-dried crystals. 
. 120*0 .. 

.. 27*61 .... 

Gm. 

.... 26*92 

5 H... 

. 5*0 .. 

.. 1*15 ... 

.... 1*08 

3 K. 

... 117*6 .. 

.. 27*06 .... 

.... 26*86 

24 0. 

. 192*0 .. 

.. 44*18 .... 

.... 45*14 


C 10 HKO 10 + C 10 K 2 O 10 + 4Aq. 434*6 .... 100*00 . 100*00 

As only one analysis was made and with a very small quantity of salt, there may 
possibly be an error. 
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The brown-yellow aqueous solution of this salt slowly turns pale 
yellow on exposure to tlie air, and yields very pale yellow crystals when 
evaporated. The aqueous solution of these crystals forms, with neutral 
acetate of lead, an orange-yellow precipitate which becomes pasty during 
washing; and this precipitate decomposed by sulphuretted hydrogen not 
in excess, yields a colourless filtrate which leaves thin colourless prisms 
when evaporated. These prisms are likewise obtained by heating the 
aqueous solution of neutral croconate of potash with a quantity of nitric 
acid just sufficient to decolorise it, and treating the lead-salt as above. 
If the sulphuretted hydrogen be used in excess, the filtrate acquires a 
yellow colour and yields a brown extract besides the colourless prisms. 
These colourless crystals are quietly carbonised by heat and yield a 
white, strongly acid sublimate. Their aqueous solution reddens litmus 
strongly, and no longer precipitates neutral acetate of lead. (Gm.) 

Croconate of Soda. — By saturating the acid with carbonate of soda. 
Rhombic prisms, having a lighter orange-yellow colour than the potash- 
salt, giving off water of crystallisation when heated, dissolving readily in 
water, sparingly in alcohol. (Heller.) 

Croconate of Lithia. — Pale yellow, amorphous, soluble in water and 
alcohol. (Heller.) 

Croconate of Baryta . — The acid and the potash-salt form with baryta- 
water or chloride of barium, a thick, pale yellow, pulverulent precipitate, 
which coagulates by boiling into a deep, lemon-yellow, curdy mass, 
insoluble in a large quantity of hot water, and dissolving but sparingly 
in hot hydrochloric acid, (Gm.) It is not soluble in water, alcohol, or 
ether. (Heller.) 

Croconate of Strontia. — The acid forms with chloride of strontium a 
yellow crystalline precipitate, which crystallises from the solution in 
alcohol by spontaneous evaporation. The potash-salt forms with chloride 
of strontium, transparent crystalline laminae. Easily soluble in water 
and alcohol. (Heller.) 

Croconate of Lime. — Croconate of potash forms with lime-water or 
chloride of calcium, after a few hours, a large quantity of lemon-yellow 
crystals, which dissolve in water very sparingly and with very pale 
yellow colour. (Gm.) The free acid forms with chloride of calcium 
yellow, translucent, flat prisms, bevelled at the ends, sparingly soluble 
in water and alcohol. (Heller.) 

Croconate of Magnesia . — The clear aqueous mixture of croconate of 
potash and sulphate of magnesia, yields, by spontaneous evaporation, dark 
brown prisms acuminated at the ends. (Heller.) 

Ceric Croconate . — Croconate of potash forms a copious precipitate 
with hydrochlorate of ceric oxide and ammonia, and a scanty precipitate 
with acid hydrochlorate of ceric oxide. (Heller.) 

Croconate of 1'ttria . — Yellowish brown, micaceous, crystalline scales, 
easily soluble in water. (Berlin, Pogg. 43, 116.) 

Croconate of Glucina. — The mixture of the alcoholic solution of 
crooonic acid with acetate of glucina, forms yellow crystals, easily soluble 
in water and alcohol. (Heller.) 
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Croconaie of Alumina, — The alcoholic solution of the acid, evaporated 
with acetate of alumina, leaves yellow crystals, easily soluble in water 
and alcohol, (Heller.) 

Croconctte of Zirconia. — Prepared, like the alumina-salt. Yellow, 
transparent crystals, soluble in water and alcohol. 

Uranic Groconate. — The hyacinth-red aqueous mixture of the acid or 
the potash-salt with uranic nitrate, yields, by spontaneous evaporation, 
yellowish red, transparent crystals, easily soluble in water and alcohol. 
(Heller.) 

Manganous Groconate. — By evaporating the acid with manganous 
acetate, or leaving the potash-salt for some time in contact with man¬ 
ganous sulphate, dingy yellow crystals are obtained, having a faint blue 
reflex. (Heller.) 

Groconate of Antimony. — The potash-salt forms, with hydrochlorate 
of chloride of antimony, a thick lemon-yellow precipitate, soluble in 
excess of the chloride of antimony. (Gm.) 

Croconaie of Bismuth. — The thick lemon-yellow precipitate formed 
by tbe potasb-salt in a solution of bismuth-nitrate, dissolves in an excess 
of the bismuth-solution. (Gm.) It contains 55*68 p. c. bismuth-oxide, 
and is not soluble either in water or in alcohol. (Heller.) 

Groconate of Zinc. — The alcoholic solution of the acid forms, with 
acetate of zinc, on evaporation, and the potash-salt forms, with acetate or 
sulphate of zinc, when set aside for several hours, yellow crystals and 
crystalline grains, soluble in water and alcohol. 

Croconaie of Cadmium . — The potash-salt added to sulphate of cad¬ 
mium, throws down a large quantity of powder, having a fine yellow 
colour, and soluble in water and alcohol. (Heller.) 

Stannous Groconate. — The potash-salt throws down from proto¬ 
chloride of tin, a large quantity of an orange-yellow powder (Gm.), which 
decomposes with violence when heated, and is sparingly soluble in water. 
(Heller.) 

Bichloride of tin is not precipitated by the potash-salt. (Heller.) 

Croconaie of Lead. — The free acid and its potash-salt precipitate 
neutral acetate of lead abundantly in lemon-yellow flakes, which dissolve 
with decomposition in nitric acid, forming a colourless liquid, and when 
digested for some time with water and a small quantity of sulphuric acid, 
still leave a portion of free sulphuric acid in the liquid, which turns 
yellow. (Gm.) The precipitate, when dry, is a powder of a fine yellow 
‘ colour, containing 64*06 p. c. oxide of lead, [therefore = C 10 Pb 2 O 10 ], dis¬ 
solving without colour in nitric acid, but insoluble in water and alcohol. 
(Heller.) 

Ferrous Croconaie . — The potash-salt imparts a dark yellowish brown 
colour to ferrous sulphate, and afterwards forms brown flakes, which 
change over night to dark brown crystals. These crystals exhibit a blue 
reflex on the crystalline faces, like the copper-salt, which they also 
resemble in form, and are soluble in water and alcohol. (Heller.) 

Ferric Croconaie. — The potash-salt forms with aqueous sesquichloride 
of iron, a clear black mixture, exhibiting a garnet-red colour in thin 
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layers (Gm,); and depositing indistinct, very dark-coloured crystals, 
■which are soluble in water and alcohol. (Heller,) 

Croconate of Cobalt. — The brown-red, slightly turbid mixture of the 
potash-salt with an aqueous cobalt-salt, yields, after a few hours, dark 
brown transparent crystals with beautiful violet reflex, soluble in water 
and alcohol. (Heller.) 

Croconate of Nickel. — By evaporating croconic acid with sulphate 
of nickel, light brown grains are obtained, soluble in water and alcohol. 
(Heller.) 

Cupric Croconate — The clear bluish green mixture of warm aqueous 
croconate of potash with cupric sulphate or hydro chlorate, deposits 
crystals on cooling, which must be washed with water and dried between 
paper. Crystals belonging to the right prismatic system. Right rhombic 
prisms {Fig. 61) u : u = 108° and 72°; the obtuse lateral edges and 
summits replaced by the faces m and y; the acute summits bevelled with 
two faces in the direction of the terminal edges; cleavage parallel to u. 
(Blum.) The crystals transmit light with brownish orange-yellow colour, 
but reflect it from their faces with dark blue colour and brilliant metallic 
lustre. Masses of small crystals appear violet-red; the powder is lemon- 
yellow, brighter in proportion to its fineness, and imparts the same 
colour to a large quantity of cupric oxide when triturated therewith. 
The crystals heated in the water-bath for several days, give off 13'53 
p. c. water, then a small additional quantity at 162°, in all 13*81 p. c. 
(4 At. while 2 At. water are obstinately retained), and appear but 
little altered, only more brownish and duller. When the crystals are 
heated in a small retort, water escapes at first, and then, at a temperature 
below redness, one crystal after another suddenly decomposes without 
appearance of light, and with percussive evolution of gas and projection 
of single particles, which burn with emission of sparks, on coming in 
contact with the air. The gas thereby evolved consists of carbonic acid 
and carbonic oxide, at first in the volume-ratio of 1 : 1*2, at last of 1 : 1*8. 
A very small quantity of distillate is obtained, having the odour of 
wood-vinegar, the first portions being pale yellow, and reddening litmus 
slightly; the latter portions brownish yellow and strongly acid, and after 
neutralisation with ammonia, imparting a darker colour to dilute sesqui- 
chloride of iron, and forming an immediate black precipitate with nitrate 
of silver. The residue of copper and charcoal which remains after 
heating the crystals, amounts to 30*8 per cent, if the crystals have been 
heated in a retort containing air; to 32*8 per cent, if carbonic acid has 
been passed through the apparatus before and during the heating; and to 
36*8 p. c. if hydrogen has been passed through it. It is a brown-black, 
dull, somewhat fibrous powder. Heated in the air to a temperature 
somewhat below redness, it burns away with a glimmering light and slight 
emission of sparks, leaving first a red powder of metallic copper and 
afterwards cupric oxide. Fuming nitric acid sets it on fire, with vivid 
sparkling. The crystals heated in the air decompose one after another 
with a slight hissing noise, appearance of fire, sparkling and projection 
of individual particles, and throw out slender threads of dull red metallic 
copper, which is then quickly converted, with a glowing light, into oxide. 
In oxygen gas, the sparkling and projection of the particles are very 
violent. (Gm.) 

The salt dissolves very sparingly in cold water; somewhat more 
abundantly and with lemon-yellow colour, in boiling water, but separates 
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out again for tlie most part on cooling, the liquid then assuming a pale 
yellow tint. The solution, mixed with potash (even out of contact of 
air), forms croconate of potash, and a blue precipitate soluble in excess 
of potash. Similarly with ammonia, which also dissolves the crystals 
with blue colour, whereas potash-ley acts but feebly on the crystals. 
The aqueous solution exhibits, with sulphuretted hydrogen, ferrocyanide 
of potassium, sulphocyanide of potassium, ferrous sulphate, and also with 
hydrocyanic acid and tincture of guaiaeura, the same reactions as other 
cupric salts (v. 413). It coppers iron but slightly, unless hydrochloric 
acid be added. (Grm.) 


Crystals . 

10 C ... 

2 Cu... 

6 H.. 

16 O ... 

60 .. 
64 

6 

128 . 

... 23*26 ... 

... 24*80 ... 

... 2-33 .... 

... 49-61 .... 

Gm. 

. 23*36 

..... 24*80 

. 2-23 

. 49*61 

C I0 Cu 2 O 10 + 6Aq. 

258 . 

... 100*00 ... 

.... 100*00 

Or: 



Gm. 

10 C . 

60 

... 23-26 .... 

. 23*26 

2 Cu. 

64 ., 

... 24*80 .... 

. 24*80 

10 O. 

80 

... 31-01 ... 

... 31*83 

6 HO . 

54 . 

... 20*93 ... 

.. . 20-11 

C 10 Cu-O m + 6Aq. 

258 . 

... 100*00 .. 

. 100-00 


Mercurous Croconate . — The free acid and its potash-salt form, with 
mercurous nitrate, copious lemon-yellow flakes, which dissolve in nitric 
acid, forming a colourless liquid. (Grm.) The flakes are reddish yellow 
at first; but the colour quickly changes to yellow. (Heller.) 

Mercuric Croconate . — Mercuric nitrate also forms, with the potash- 
salt, a precipitate of a fine yellow colour. (Heller.) 

Croconate of Silver. — The free acid and the potash-salt precipitate 
from nitrate of silver, an abundance of aurora-red flakes, which still con¬ 
tain potash (perhaps C 10 KAgO ia ?), are quickly and completely resolved 
by hydrochloric acid into chloride of silver and croconic acid containing 
potash, and dissolve in nitric acid to a colourless liquid, with slight 
evolution of gas. (G-m.) The precipitate turns brown on exposure to 
light, throws out sparks with violence when heated, and dissolves 
sparingly in water. (Heller.) 

Croconic acid is soluble in alcohol. 


Appendix to Croconic Acid, 

1. Carboxide of Potassium, 

L. Gmelin. Fogg. 4, 35. 

Liebig. Fogg. 33, 90. 

Heller. Ann. Fharm . 34, 232. 

Kohlenoxyd-Kalium. — First observed by Wohler and Berzelius. {Fogg. 
4, 31 to 34.) 

Charcoal at a white heat decomposes potash into carbonic oxide and 
potassium; hut at a dull red heat, the potassium again decomposes the 
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carbonic oxide gas into charcoal and potash; and at a still lower heat, the 
potassium and carbonic oxide unite into a grey flocculent mass, which 
may provisionally be regarded as a compound of carbonic oxide and 
potassium, and designated as carboxide of potassium. 

The following observations are recorded: 

When potassium is prepared by Brunner and Wohler’s method (iii. 7), 
in which the mixture of carbonic oxide gas and potassium-vapour is passed 
from the white-hot iron bottle through an iron tube into a copper receiver, 
and thence through a long tube, the half-ignited iron tube becomes 
filled with a hard black mass, which behaves like a mixture of charcoal, 
potash, and potassium. But the gas which escapes from the copper 
receiver is accompanied by grey vapours. If this cloudy gas is not too 
much cooled, it burns slowly in the air with a dull red light, but on the 
approach of a flaming body, or in many instances spontaneously, takes fire 
and burns rapidly with a bright reddish white flame and white fumes. 
When, on the other hand, the gas is passed though tubes and vessels in 
which it cools, the cloud condenses in these vessels, in grey flakes of 
carboxide of potassium. These flakes are likewise found in the copper 
receiver, mixed, however, with charcoal, potash, and potassium. The 
formation of carboxide of potassium is equally abundant when the potas¬ 
sium is prepared from a mixture of charcoal and carbonate of potash 
instead of burnt tartar, and no rock-oil is put into the receiver. Conse¬ 
quently, the cooling of the carbonic oxide gas, mixed with potassium- 
vapour stops the separation of charcoal, and induces the formation of 
carboxide of potassium. (Gm.) 

When Gay-Lussac & Thenard ( Recherch. 1, 250, and 267,) beated 
potassium in carbonic oxide gas over a spirit-lamp, the gas, at a certain 
temperature [probably near redness,] was almost instantly absorbed, with 
ignition of the potassium, separation of charcoal and formation of pot¬ 
ash; sodium heated nearly to dull redness, acted nearly in the same 
manner, but without appearance of fire. 

On the other hand, when Liebig passed dry carbonic oxide gas over 
potassium, heated just to its melting point in a wide iron tube, the 
potassium absorbed the gas without appearance of fire, becoming green 
at first, spreading itself out on the side of the tube, and being finally 
converted into a black mass, which was easily separated when cold, and 
exhibited the characters of the carboxide of potassium obtained in the 
preparation of potassium. Heller obtained the same mass, but found 
that the crust which formed above the potassium, prevented the com¬ 
plete penetration of the carbonic oxide. 

Preparation. The preparation of potassium is conducted with a 
larger quantity of charcoal than usual, whereby the yield of potassium 
is diminished, but that of the carboxide is increased; and the gaseous 
mixture is made to pass from the copper receiver, which contains a little 
rock-oil, through tubes into three bottles successively, the first two of 
which contain rock-oil, and the third water. The black mass which con¬ 
denses in the copper receiver, contains, besides carboxide of potassium, a 
large quantity of charcoal, potash, and potassium, together with a resin¬ 
ous matter, and a brown substance soluble in water, and serves for the 
preparation of rhodizonate and croconate of potash. The product in the 
first bottle consists of porous lamps, often as big as hazlenuts, and con¬ 
tains small quantities of potassium and charcoal (perceptible on dis¬ 
solving the mass in water); that in the second is free from charcoal; that 



CAKBOXIDE OE POTASSIUM. 


397 


in the third serves for the preparation of croconate of potash. The loose 
carboxide of potassium in the second bottle is separated from the 
admixed potassium (which remains in a more coherent state) by trituration 
and levigation with rock-oil; collected on a filter; strongly pressed 
between paper; and preserved in well closed bottles. The compound 
thus obtained is not however pure; alcohol and ether extract potassium 
from it in the form of potash, besides rock-oil and a resinous substance, 
which may be precipitated from the water by alcohol; and the residue 
forms with water, not only rhodizonate of potash, but also a brown sub¬ 
stance (resembling humate of potash] which dissolves in the water. 
(Heller.) 

Also, when the gas which issues from the copper receiver is passed 
through a tube of tinned iron, an inch wide and three feet long, into a 
wide open iron bottle, the greater part of the carboxide of potassium is 
deposited tolerably pure in the tube and bottle. Bottles and tubes of 
glass are dangerous; because the carboxide of potassium contained in 
them may explode, after the air has acted upon it for a short time, and 
shatter the glass, especially on dissolving the mass in water. (Gin.) 

Properties. Carboxide of potassium is a grey or black, loose pul¬ 
verulent mass. (Berzelius, Gm., Heller.) Under the microscope, it some¬ 
times exhibits four-sided prisms with truncated summits. (Edm. Davy.) 

Decompositions. The mass distilled at a red heat gives off potassium, 
and leaves charcoal. (Edm. Davy.) — The carboxide of potassium 
obtained by heating potassium in carbonic oxide gas, if exposed to 
the air while still warm, takes fire with detonation. (Liebig.) — The 
catboxide obtained in the preparation of potassium takes fire in the air, 
and burns like a pyrophorus. (Berzelius.)—The product condensed in the 
copper receiver without rock-oil, takes fire in the air with emission of 
sparks, projection of the mass, and dangerous explosion, especially if 
rubbed. (Heller.) — The grey loose mass which condenses in the glass 
or tinned iron tube connected with the copper receiver, becomes soft and 
pasty on exposure to the air, and rises almost to a red heat, which 
gradually extends throughout the mass, the reddish grey colour changing 
at the same time to grey. (Gm.) — The greenish grey powder, shaken out 
of the tube into a porcelain dish, after the tube has been closed air-tight 
for 10 days, immediately reddens, and, after a few seconds, takes fire 
with tremendous detonation and shatters the basin. (Wohler, Ann . Pkarm . 
49, 361.) Moistening with rock-oil prevents it from taking fire — 
Carboxide of potassium takes fire when thrown on water, [from the 
presence of free potassium?] and acquires a Vermillion colour when 
brought in contact with water under rock-oil. (Berzelius.) — Exposed to 
the air, after complete cooling, it sometimes turns green here and there, 
and afterwards yellow, with formation of croconate of potash, some¬ 
times red. (Gm. Liebig.) It acquires a fine red colour, from formation of 
rhodizonate of potash. (Heller.)—’When recently prepared, it dissolves 
quietly in water, with slight evolution of combustible gas, and forms a 
brownish yellow liquid, containing croconate (or rather rhodizonate, 
according to Heller), and neutral carbonate of potash. If the quantity 
of water present is not very large, a cochineal-coloured powder (rhodi¬ 
zonate of potash, according to Heller), remains undissolved. Carboxide 
of potassium which has been exposed to the air till it has turned yellow 
and red, likewise dissolves quietly in water; but that which has been 
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exposed to the. air for a few hours only, is set on fire by water, with 
violent detonation, and shattering of the glass vessels. (Gnx. iii, 8.) — 
The combustible gas eliminated by water is C 4 H 3 . (Edm. Davy, Ann . 
Pharm . 23, 144; see viii. 150.)—Carboxide of potassium, placed in 
contact with water over mercury, so as to exclude the air, dissolves 
quietly, giving off first olefiant gas, then carbonic oxide. (Heller.) — 
When the quantity of water is large, the whole dissolves with deep 
reddish yellow colour; when less water is used, part of the rhodizonate 
of potash produced remains undissolved, in the form of a red powder; 
and .with a still smaller quantity of water, a pale yellow solution is 
obtained, because the strong caustic alkali contained in it, converts the 
rhodizonate of potash into croconate. (Heller.) — The black compound 
produced by heating potassium in carbonic oxide gas, dissolves in water, 
with the exception of a few black flakes, and gives off a gas, part of 
which takes fire spontaneously; the gas evolved out of contact with the 
air, burns when set on fire, with the bright flame of olefiant gas. The 
solution obtained with a small quantity of water is pale yellow; that 
obtained with a large quantity of water, reddish yellow and alkaline; 
when evaporated, it turns pale yellow, and yields, first croconate of 
potash, then about an equal quantity of oxalate. (Liebig.) 


2. Rhodizonic Acid. 

Heller. J. pr. Ghem. 12, 193; abstr. Ann. Pharm. 24, 1, — Zeitschr . 

Phys. v . W. 6, 54; abstr. Ann. Pharm. 34, 232. 

A. Werner. J\ pr . Ghem. 13, 404. 

Berzelius and Wohler noticed the red substance produced by the 
action of water on carboxide of potassium. Gm. found that the aqueous 
solution of this substance yields croconate of potash when evaporated in 
contact with the air, and supposed it to contain an acid different from 
croconic acid. Heller, in 1837, ascertained the properties of this acid 
more distinctly, and gave it the name of Rhodizonic acid. 

Preparation of Rhodizonate of Potash. — Carboxide of potassium, 
collected in the copper receiver under rock-oil, freed from the greater 
part of the charcoal and potassium by levigation with rock-oil, then 
collected on a filter and pressed, is repeatedly shaken up with alcohol,— 
which extracts potash, rock-oil, and a resinous substance precipitable by 
water,—till tbe alcohol no longer becomes strongly coloured; the black 
viscid mass which remains after pouring off the alcohol, agitated with one- 
third of its hulk of water, and then with a sufficient quantity of alcohol 
to produce separation; the aqneous alcoholic liquid containing potash 
and a dark brown substance precipitable by water, decanted; the residual 
mass repeatedly treated in the same manner with water and alcohol, till 
the water is no longer coloured brown but light yellow, from the presence 
of a small quantity of rhodizonate of potash; the substance which remains 
after decanting the liquid, exposed to the air, under which circumstances 
it turns red, the more quickly as it has been more completely freed from 
potash; the mass, which has the consistence of honey, diluted with a 
little water, then treated with successive small portions of a mixture of 
X pt. oil of vitriol and 15 pts. water, which eliminates carbonic acid, 
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and mixed with alcohol till a precipitate is formed; the yellowish hr own 
strongly alkaline liquid decanted; and the mass repeatedly treated in 
this manner with water containing sulphuric acid and with alcohol, till 
the decanted liquid is no longer alkaline, — a sign that tk£ mass is com¬ 
pletely converted into rhodizonate of potash; it must then be thrown on 
a filter with the aid of alcohol, and dried. If too much sulphuric acid 
has been used, and the mass has consequently acquired the power of 
reddening litmus, from separation of rhodizonic acid, it must be neutralised 
with carbonate of potash. An admixture of sulphate of potash renders 
the dark red colour of the rho'dizonate paler. 

Preparation of Rhodizonic acid ,. — 1. The potash-salt is suspended in 
alcohol of sp. gr. 0*81 to 0*82; a mixture of alcohol with sufficient oil of 
vitriol to saturate the potash then added; the whole digested at a gentle 
heat; the filtrate, if it still contains sulphuric acid, cautiously digested 
with baryta-water, till a pale red precipitate of rhodizonate of baryta 
just begins to form; the filtrate evaporated at a gentle heat to a small 
bulk; the acid left to crystallise; and the crystals freed by washing 
with alcohol from the dark brown mother-liquor, which has an offensive 
odour of rock-oil. (Heller.) — When the potash-salt is decomposed by 
alcohol containing a small quantity of sulphuric acid, a deep purple-red 
filtrate is obtained, containing no sulphuric acid, and leaving on evapo¬ 
ration, blue-black needles united in tufts. (Werner.) — 2. The acid 
obtained by (1) is dissolved in alcohol and precipitated by carbonate of 
potash in the form of rhodizonate of potash; the aqueous solution of this 
salt precipitated by neutral acetate of lead acidulated with acetic acid; 
the dark violet lead-salt washed on the filter with water, and decomposed 
by sulphuretted hydrogen after suspension in water or alcohol; and the 
dark hyacinth red filtrate evaporated to a small bulk and left to crys¬ 
tallise. — The mother-liquor then remaining, which contains scarcely 
any more rhodizonic acid, is very dark coloured. (Heller.) — The lead- 
salt suspended in water may be easily and completely decomposed by 
sulphuretted hydrogen, and yields a pale yellow filtrate, which exhibits 
the reactions of rhodizonic acid, and becomes continually darker by 
evaporation, ultimately acquiring a deep red colour and yielding brown- 
black dodecahedrons. (Werner.) 

Properties. Prepared by (1) : Short slender needles of a pale orange- 
yellow colour; by (2) : Very dark coloured needles having a bluish green 
metallic lustre. This dark colour arises from enclosed mother-liquor. 
(Heller.) — (Heller has withdrawn his former statement that the acid is colomless; 
hut respecting the colour of its aqueous, alcoholic, or ethereal solution, which was 
likewise stated to be colourless, nothing is said in his second memoir. Liebig regards 
these colourless crystals formerly obtained by Heller, as sulphovinate of potash.) 
Werner obtained: by (1), needles; by (2) dodecahedrons of brown-black 
colour, which reflected the sun’s rays with brilliant, deep purple-red 
metallic lustre. — Inodorous, with slightly acid and astringent taste, 
reddening litmus permanently. (Heller, Werner ) — The crystals do not 
decompose, even by long keeping; hut if exposed to the air, especially in 
vessels which are frequently opened, they turn red, and when rubbed 
between the fingers, exhibit a blood-red colour, with green metallic lustre, 
in consequence of the great affinity of the acid for organic substances. 
(Heller.) [Or from taking np ammonia ?]. — The aqueous solution 
colours the skin yellowish-red (Heller); deep brown-red. (Werner.) 

From the contradictory analyses of the rhodizonates of potash and 
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lead, it is impossible to establish with certainty the formula of rhodizonic 
acid; we can only indeed deduce from these analyses that all the 
hydrogen which can be supposed to exist in the acid, together with 
C and 0 is (as in croconic and oxalic acid) replaceable by a metal. 
Liebig {Ann. Pharm. 24, 16), starting from the fact that rhodizonate of 
potash acid dissolved in water, splits up into croconate and oxalate, 
suggests for rhodizonate of potash the formula 3KO, 7CO, which, when 
doubled and written in a different form, becomes C 14 K f '0 2 °; such a com¬ 
pound may yield C 10 K 2 O 10 (croconate of potash), C 4 K 2 G 8 (oxalate of 
potash), and 2KO. This view is corroborated, on the one hand, by 
Thaulow’s observation, that the solution of rhodizonate of potash, when 
thus decomposed, becomes alkaline, and on the other hand, approximately, 
by Heller’s analysis of the potash-salt, in which he found 62 p. c. potash, 
the formula C 14 K 6 0 20 requiring 59 p. c. According to this view, the 
formula of rhodizonic acid would be C^HK) 20 . It is not yet, however, 
satisfactorily explained why rhodizonate of potash immediately splits up 
into croconate and oxalate when free potash is added to it, whereas, 
without this addition, the change does not take place unless the air has 
access to the liquid. 

Decompositions. The crystallised acid heated considerably above 
100°, turns greenish black and volatilises in the decomposed state without 
residue. (Heller.) When heated, it gives off water, then a yellowish-red 
vapour which forms a sublimate of the same colour and appears to 
consist of undecomposed acid;—it then turns black and yields a grey, 
and afterwards a yellow vapour smelling of empyreumatic organic matter, 
and burns away in the air leaving only a trace of alkaline ash. (Werner.) 
— 2. It is quickly decomposed by concentrated mineral acids (Heller); 
even in the state of aqueous solution. (Werner.) — 3. The alcoholic 
solution of the acid and the aqueous solntion of the potash-salt reduce 
the metal from a solution of gold. (Heller.) — The acid dissolved in 
water and exposed to the air for several weeks, is resolved into croconic 
and oxalic acid. (Werner.) 

Combinations. The acid dissolves readily in water. (Heller.) The 
concentrated solution is red, the dilute solution yellow. (W erner.) 

Phodizonates .— The potash-salt is the only one which crystallises. 
The colour of the salts passes from light rose-red through carmine and 
blood-red to dark chocolate-brown, and is lighter the more finely,the 
salts are divided. Many exhibit a green metallic lustre. They are not 
decomposed by exposure to the air, but merely acquire a darker colour. 
They decompose at a temperature considerably below redness, without 
any or with only a faint glow, and leave a mixture of charcoal with 
metal, oxide, or carbonate. Most of them dissolve in water with orange- 
yellow, or in case of greater concentration, with red-brown colour. Some 
of these solutions become pale yellow on exposure to the air, the rhodi¬ 
zonate being then resolved into croconate and oxalate. 

Phodizonate of Ammonia. — Precipitated as a dark yellowish powder, 
on mixing the alcoholic solution of the acid with a small quantity of 
ammonia, and as a violet powder on mixing the aqueous potash-salt with 
hydrosulphate of ammonia. It dissolves readily in water, sparingly in 
alcohol, and in the state of aqueous solution splits up into croconate and 
oxalate of ammonia. (Heller.) 



HHODIZONIC ACID. 


401 


Rhodizonate of Potash. — Preparation (p. 398). Small and apparently 
oblique rhombic prisms, whose faces exhibit a bluish green metallic 
lustre; the velvety, bright red powder, rubbed on paper with the polishing 
stone immediately acquires a blue-green metallic lustre. Inodorous, 
tasteless, permanent in the air. Contains 61*96 p. c. potash. Becomes 
greyish black when heated, and ultimately leaves carbonate of potash. 
Insoluble in alcohol and ether, but dissolves readily in water. The 
deep red aqueous solution, when left to stand [in contact with the air] 
turns pale yellow in a few hours (immediately on the addition of potash 
or ammonia) from formation of croconate and oxalate of potash, and 
with liberation of potash; it is also decolorised and decomposed by sul¬ 
phuric, hydrochloric, and nitric acid. (Heller.) — The alcoholic solution 
of the acid, yields, when alcoholic potash is dropped into it, a cherry-red 
precipitate, with greenish metallic lustre, which, after being collected on 
a filter and dried between paper, becomes brown-red, and exhibits the 
green metallic lustre in a fainter degree. It dissolves sparingly in cold, 
not much more readily in hot water, and is not altered by remaining for 
many weeks nnder water in contact with the air. (Werner.) 

[From the author’s notes of former experiments ( Fogg . 4, 59) with 
impure rhodizonate of potash, as obtained in the form of a cochineal- 
coloured powder by the action of water on carboxide of potassium which 
has been exposed to the air, the following passage is extracted : It burns 
with resinous flame and white smoke. Its reddish yellow aqueous 
solution is immediately decolorised by nitric acid, and reduces gold from 
the solution of the chloride. With aqueous ammonia it forms a reddish 
yellow solution, which again leaves a red residue when evaporated, but 
forms with potash a yellow solution of croconate of potash; its aqueous 
solution also immediately turns reddish on addition of a small quantity 
of potash, and then deposits needles of croconate of potash. The reddish- 
yellow aqueous solution, if kept from contact with the air, retains its 
colour, even in sunshine, and again leaves a red mass when evaporated; 
but the solution, when exposed to the air, becomes pale yellow in a few 
hours, and then leaves on evaporation needles of croconate of potash. 
The reddish yellow aqueous solution throws down from baryta-water, 
brown-red flakes which turn yellow on exposure to the air; from lime- 
water, pale red flakes; from protochloride of tin or neutral acetate of 
lead, dark red; from mercurous nitrate, carmine-coloured; and from 
nitrate of silver, reddish black flakes.] 

Rhodizonate of Soda. — Obtained by adding a concentrated solution 
of carbonate of soda to the solution of the acid in strong alcohol, and 
washing the dark carmine-coloured powder thereby precipitated, on the 
filter with alcohol, to remove the excess of alkali. The dried salt is 
brown. Its reddish yellow aqueous solution decomposes like the potash- 
salt on exposure to the air or on addition of soda. (Heller.) 

Rhodizonate of Lithia. — The dark crimson-red salt, which is prepared 
like the soda-salt, forms with water a reddish yellow solution, which 
becomes very pale on exposure to the air, depositing a light violet 
powder and forming croconate and oxalate of lithia. (Heller.) 

Rhodizonate of Baryta . — 1 . The alcoholic acid forms with baryta- 
water, a light carmine coloured precipitate, and with a small quantity 
of aqueous chloride of barium, after a while, an extremely beautiful 
carmine-coloured precipitate, which transmits light of the same colour, 
but, under different circumstances, reflects it with yellowish green colour. 

VOL. X. 2d 
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— 2. The aqueous solution of the potash-salt forms a carmine-coloured 
precipitate with baryta-water, and an immediate cherry-red precipitate 
with chloride of barium. The salt is insoluble in water, alcohol, and 
ether; it is not altered by immersion in water, but in baryta-water it 
turns yellow, with formation of croconate of baryta. (Heller.) The 
aqueous acid likewise precipitates hydrochlorate and acetate of baryta; 
the latter is the best test for rhodizonic acid, and forms with dilute 
solutions a rose-coloured, with concentrated solutions a deep purple-red 
precipitate. (Heller.) — The salt, after drying, is yellowish red, with 
greenish iridescence. Dilute sulphuric acid decomposes it only in the 
recently precipitated state. When finely divided and suspended in 
water* it is coloured carmine-red by a few drops of hydrochloric acid, 
and exhibits after washing the characters of the unaltered salt; the 
yellow liquid filtered therefrom contains hydrochlorate of baryta, as well 
as rhodizonate (precipitable by a small quantity of potash). Ehodizo- 
nate of baryta suspended in water is coloured light-red by a small 
quantity of nitric acid, yellowish-red by phosphoric acid. When the 
salt suspended in -water is heated with phosphoric, hydrochloric, or nitric 
acid, the liquid acquires a yellow colour from formation of croconic acid, 
hut is decolorised by boiling, in consequence of the further decomposition 
of the croconic acid. Rhodizonate of baryta likewise dissolves sparingly 
in strong acetic acid, but is insoluble in water. (Werner.) 

Rhodizonate of Strontia . — The alcoholic acid forms, with chloride of 
strontium, a splendid violet-carmine-red precipitate, and the potash-salt 
a cherry-red precipitate, with yellowish green metallic lustre, sparingly 
soluble in water, insoluble in alcohol. (Heller.) The aqueous acid like¬ 
wise precipitates chloride of strontium. (Werner.) 

Rhodizonate of Lime. — The alcoholic acid forms with lime-water a 
garnet-brown, and with acetate of lime a light blood-red precipitate; the 
aqueous potash-salt forms with lime-water a deep carmine-red, and with 
acetate of lime a dark red precipitate, but does not precipitate chloride 
of calcium. The precipitate turns yellow under lime-water; it dissolves 
in water, but not in alcohol. (Heller.) 

Rhodizonate of Magnesia. — Obtained by precipitating acetate of 
magnesia with the alcoholic solution of the acid. Has a fine garnet-red 
colour; dissolves easily in water and alcohol. (Heller.) 

Getdc Rhodizonat-e. — By dissolving ceric oxide in the alcoholic acid, 
and evaporating, a purple-red amorphous mass is obtained, easily soluble 
in water and alcohol. (Heller.) 

Rhodizonate of Glucina. — By evaporating the alcoholic acid with 
acetate of glucina, a garnet-red powder is obtained, which dissolves very 
readily in water and alcohol. (Heller.) 

Rhodizonate of Alumina. — Prepared in a similar manner. Red-brown 
powder which dissolves very readily in water and alcohol. (Heller.) 

Rhodizonate of Zirconia. — Obtained by dissolving zirconia in the 
alcoholic acid, and evaporating. The residue has a deep garnet-brown 
colour, and dissolves easily in water and alcohol. (Heller.) 

Rhodizonate of Titanium. — The alcoholic acid colours the oxide red, 
dissolves it, and then leaves a red salt when evaporated. (Heller.) 
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The alcoholic acid forms, with molybdate of ammonia, a yellow 
precipitate not yet further examined. (Heller.) 

Uranic Rhodizonate. — The alcoholic acid precipitates from uranic 
nitrate, a light blood-red powder easily soluble in water and alcohol. HI 
(Heller.) 

Rhodizonate of Manganese . — The alcoholic acid forms, with acetate 
of manganese, a dark red precipitate which increases on boiling, and 
dissolves with yellow colour in w T ater and alcohol. (Heller.) 

Rhodizonate of Tellurium. — The solution of telluric oxide in the 
alcoholic acid leaves a red salt when evaporated. 

Rhodizonate of Bismuth. — The potash-salt dissolved in a small quan¬ 
tity of water forms, with nitrate of bismuth, a pale-red precipitate which 
quickly loses colour; the alcoholic acid forms a yellow precipitate which 
contains croconic acid, and, if left in the liquid, gradually turns white. 
(Heller.) 

Rhodizonate of Zinc. — The alcoholic acid colours zinc-oxide red, and 
then dissolves it with yellow colour; with acetate of zinc, it forms a dark 
red precipitate, soluble in water and alcohol. (Heller.) 

Stannous Rhodizonate. — The potash-salt forms, with protochloride of 
tin, a carmine-red precipitate which afterwards becomes darker; it dis¬ 
solves sparingly in water and is insoluble in alcohol. — The Stannic salt 
is darker. (Heller.) 

Rhodizonate of Lead. — The alcoholic acid forms a deep red-brown 
precipitate with acetate and nitrate of lead. The dark carmine-red pre¬ 
cipitate obtained on adding the potash-salt to an acidulated solution of 
acetate of lead, assumes, when left for some time in the liquid, a red- 
brown, and afterwards a black-brown colour; it does not dissolve in 
water or alcohol. (Heller.) The aqueous acid forms, with acetate of 
lead, a deep violet precipitate which has a splendid metallic lustre; it is 
easily decomposed by sulphuric acid while moist., and by sulphuretted 
hydrogen, even after drying. (Werner.) The precipitate formed by 
the potash-salt with excess of neutral acetate of lead, is dark red, and 
leaves, when ignited in an open dish, a mixture of lead-oxide and metallic 


lead. (Thaulow, Ann. Pharm. 27, 1.) 

Heller. 

3 PbO. 335 ... 85*28 . 85*00 

3 C. 18 .... 4*57 . 4*67 

5 0 40 ... 10*15 .... 10*33 


394 .... 100*00 . 100*00 

Thaulow. 

3 PbO.. 336 .... 77*42 . 77*20 

7 C . 42 .... 5*68 . 9*87 

7 0 .. .. 56 ... 12*90 . 12*93 


434 . 100*00 . 100*00 


Rhodizonate of Iron .—The alcoholic acid forms, with ferrous sul¬ 
phate, a red-brown precipitate soluble in water and alcohol, and with 
ferric salts, a brown precipitate, likewise soluble in water, and therefore 
imparting a brown colour to the liquid. (Heller.) 


2 D 2 
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j Bhodizonate of Cobalt. — The alcoholic acid added to nitrate of cobalt, 
precipitates a small portion of the salt, forming a carmine-red precipitate 
soluble in water, while the greater portion remains dissolved with red 
colour in the alcoholic liquid. (Heller.) 

Bhodizonate of Nickel* — Brown, soluble in water and alcohol. 
(Heller.) 

Cupric Bhodizonate. — The alcoholic acid forms, with cupric salts, a 
red-brown precipitate soluble in water; from concentrated aqueous solu¬ 
tions, the potash-salt throws down the same precipitate, (Heller.) 

Mercurous Bhodizonate. — The alcoholic acid forms, with mercurous 
nitrate, a scarlet precipitate which soon becomes darker in colour; and 
the potash-salt forms, with mercurous nitrate or acetate, a dark carmine- 
red precipitate, which, when immersed in the liquid, soon turns brown, 
and ultimately yellow. The precipitate is insoluble in water and alcohol. 
(Heller.) 

Mercuric Bhodizonate . — The red-brown precipitate which the potash- 
salt forms with mercuric salts is insoluble in water, and soon turns yellow 
when immersed in the liquid. (Heller.) 

Bhodizonate of Silver. — Nitrate of silver forms, with the alcoholic 
acid, a brownish red precipitate which quickly blackens, and after 
drying, exhibits the metallic lustre; and with the potash-salt, a deep 
carmine-red precipitate which dissolves but very sparingly in water, and 
soon assumes a brown colour, changing to black on exposure to the air. 
(Heller.) The aqueous acid likewise precipitates a solution of nitrate of 
silver. (Werner.) 

The alcoholic acid does not precipitate Bichloride of Blatinum . 
(Heller.). 

Bhodizonic acid dissolves readily and without colouring in alcohol and 
ether. (Heller.) The concentrated alcoholic solution is red, the dilute 
yellow. (Werner.) 


c. Nitrochlorine-nucleus C 10 XClHh 

St. Evre’s Acid. 

C 10 NC1H 4 0 8 = C 10 XC1H 4 ,0 4 ? 


St. Eyre. (1849.) N Ann. Chim . Bhys. 25, 493; also J. pr. Chem. 46, 456, 


The solution of chloroniceic acid in fuming nitric acid, deposits or 
cooling, crystals of nitrochloroniceic acid; and the mother-liquid decanted 
therefrom, yields, on evaporation, long white needles of a peculiar acid 
containing: 


IOC ... 

. 60*0 

.... 33*82 .. 

St. Eyre. 
. 33*77 

N . 

. 14-0 

.... 7-89 .. 

. 8*14 

Cl. 

. 35'4 

.... 19*95 

. 19*67 

4 H . 

. 4*0 

.... 2*25 

. 2*29 

8 0 . 

. 64*0 

.... 36*09 ... 

. 36*13 

C W XC1H 4 0 4 . 

.. 177*4 

.... 100*00 ... 

. 100*00 
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d. Jmidogen-nucleus. C 10 AdH 3 0 2 ? 

Pyromucamide, 

C 10 NH 5 O‘=C 10 AdH 3 O 2 O 2 . 

Malaguti. (1846.) Compt. rend. 22, 856. 

[Malaguti has not described the formation and preparation of this compound; but 
it is probably obtained by the dry distillation of monomucate of ammonia — C^NHW 6 .] 

Properties. Right-angled, fonr-sided prisms, which melt between 130° 
and 132°, and hare a very slightly sweet taste. 

Decompositions. Heated a little above its boiling point, it acquires a 
green colour, changing as the temperature rises, to blue, and afterwards 
to violet, and then yields a brown distillate, which after being decolorised 
by animal charcoal, again exhibits the characters of pyromucamide. 

Combinations. Dissolves in water , alcohol , and ether, (Malaguti.) 


e. Amidogen-nucleus. C 10 Ad 2 H 2 O 3 . 


Bipyromucamide. 

C 10 N 2 H 6 O 2 == C 10 Ad 2 H 2 O 2 ? 


Malaguti, (1846.) Compt. rend . 22, 856. 

Pyromucamide biamidee. 

Formation and Preparation. By the dry distillation of dimucate of 
ammonia or of mucamide: 


and 


2NH 3 ,C 12 H 10 O 16 = C I0 N 2 H 6 O 2 + 2C0 2 + 10HO 
CWH^O 12 = C 10 N 2 H 6 O 2 + 2 CO 2 + 6HO. 


The sublimate is repeatedly crystallised from water to free it from 
adhering pyromucic acid, which remains in the mother-liquor. 

Properties. Six- and eight-sided laminse, which melt and become 
coloured at 175°, and have a very sweet taste. 

Decompositions . 1. Heated above tbe melting point, it decomposes; 

and at 250° enters into a kind of ebullition, giving off carbonate of 
ammonia, besides other products. — 2. With potash-ley, it gives off 
ammonia only at the boiling heat. 

Combinations. It dissolves sparingly in cold water, more readily in 
alcohol and ether. 
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/ Nitrogen-nucleus . C 10 N H 5 . 

% Pyridine' C l0 NH 5 . 

Anderson. Ed. Phil. Trans. 20, ii. 247; Phil. Mag . [4], 2, 257; 

Ann. Pharm. 80, 55; Jahresber . 1851, 478. 

Formation. By the destructive distillation of azotised organic sub¬ 
stances; being found : ( a) in bone-oil (Anderson); (b) among the products 
obtained by the dry distillation of the bituminous shale of Dorsetshire 
(C. Gr. Williams, Phil. Mag. [4] 8, 24); ( c) among the volatile bases 
obtained by the destructive distillation of cinchonine. (C. Gr. Williams, 
Ed. Phil. Trans. 21, ii. 315.) 

Preparation. The more volatile oily portion of rectified bone-oil is 
set aside for some days with dilute sulphuric acid, and frequently shaken 
up; and the strongly acid liquid separated from the oil, is kept for a long 
time in a state of ebullition in a still, whereupon a series of bases 
resembling Runge’s pyrrol, and called pyrrol-bases, pass over. The acid 
liquid separated from these bases and cooled, is then distilled with excess 
of slaked lime, and the oily bases which pass over separated from the 
aqueous solution by means of solid hydrate of potash, (comp. p. 160) and 
then subjected to fractional distillation. The fraction obtained between 
65° and 100° contains propylamine and butylamine, and perhaps also 
ethylamine, amylamine, and caproamine. The portion which boils above 
115° contains another series of bases, which may be approximately sepa¬ 
rated by repeated fractional distillation, the receiver being changed at 
every 55°. The portion which distils over at about 115° consists chiefly 
of pyridine. (Anderson.) 

Properties. Transparent, colourless liquid, which does not become 
coloured by exposure to the air. It dissolves in all proportions in water, 
and readily in oils, both fixed and volatile. Acids dissolve it with 
great rise of temperature, and form easily soluble salts. (Anderson.) 

Calculation. 


10 C . 60 .... 75*95 

N . 14 ... 17*72 

5 H . 5 .. . 6‘33 


C l0 NH 5 . 79 .... 100*00 


Homologous with picoline (C^NH 7 ) and belonging to a series of bases called by 
Anderson Picoline-bases , whose general formula is C n N H u ' 5 . 

Platinum-salt. — On mixing the solution of the hydrochlorate with 
bichloride of platinum, the double salt separates in flattened prisms, 
which are easily soluble in boiling water, less soluble in alcohol, and 
quite insoluble in ether. They are decomposed by boiling with water, 
with separation of a yellow salt. (vid. inf.) (Anderson.) 
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Anderson. 


Williams. 





a. 

b. 

c. 

d. 

10 c. 

60*0 

.... 21*03 .. 

.. 21*48 .. 

.. 20*29 



N. 

14*0 

... 4*93 





6 H. 

6*0 

.... 2*10 .. 

.. 2*30 .. 

.. 2*24 



3 Cl . 

106*2 

... 37*33 





Pt. 

99*0 

. . 34*61 .. 

.. 34*30 .. 

. 31*13 . 

.. 34-71 . 

... 34*6 

C 10 N H 5 , H Cl, PtCl 3 

285*2 

... 100*00 






The salt a analysed by Anderson was in the recently precipitated state; b had been 
boiled with water till a tolerably large portion remained undissolved. — Williams's salt 
c was obtained by saturating with hydrochloric acid the portion of the volatile bases 
from shale-naphtha which boiled below 98°; adding bichloride of platinum; diluting the 
liquid till the precipitate disappeared ; and then evaporating over oil of vitriol, to avoid 
the decomposition which always takes place when the solutions of these platinum-salts 
are heated. The first and second crops of crystals thus obtained consisted of the 
platinum-salt of lutidine (C 14 NH 9 ); the third and fourth of the platinum-salt of picoline 
(C 12 NH7); and the fifth and last of the platinum-salt of pyridine. The crystals, before 
ignition, were pulverised and washed with alcohol and ether to remove a resinous 
impurity. — d was obtained in a similar manner from the mixture of volatile bases 
produced by distilling cinchonine with caustic potash. 

Platinopyridine. C 10 NH 3 Pt = C 10 N j j —When chloroplati- 

nate of pyridine, carefully freed from excess of bichloride of platinum, is 
dissolved in hot water, and the solution boiled for several days, it depo¬ 
sits a sulphur-yellow crystalline powder, which is the bihydrochlorate of 
platinopyridine: 

C 10 NH 5 , H Cl,PtCl 2 = C 10 NH 3 Pt,2HCl + HC1. 


After five or six days’ boiling, the whole of the chloroplatinate is trans¬ 
formed into this new compound; but if the yellow powder be separated 
before the decomposition is complete, the mother-liquor deposits on 
cooling another compound, consisting of golden-yellow laminae, resembling 
iodide of lead. ( vid , inf.) 

The hydrochlorate of platinopyridine is insoluble in water and in 
acids. It is decomposed by potash, with separation of pyridine. Plati¬ 
nopyridine cannot, therefore, be obtained in the free state by treating 
the hydrochlorate with alkalis; hut on mixing the solution of that salt 
with silver-salts, chloride of silver is precipitated, and salts of platino¬ 
pyridine are obtained. It is very difficult to prepare these salts in a 
definite state. The chromate is however obtained by adding bichromate 
of potash to sulphate of platinopyridine, in the form of an orange-red 
precipitate, containing C 10 NH 3 Pt,HO,CrO 3 . 

The yellow scales obtained by stopping the ebullition of the solution 
of chloroplatinate of pyridine, before the decomposition is complete, 
consist of a compound of chloroplatinate of pyridine with hydrochlorate 
of platinopyridine: C 10 NH 5 ,HCl,PtCP + C 1(J NH 3 Pt,2HCl. (Anderson, 
N* Ann . Qhim. Fhys . 44, 366.) 


Platosopyridine. C 10 N 


{£} 


‘When chloroplatinate of pyri¬ 
dine is boiled with excess of pyridine, the liquid becomes strongly 
coloured; and on evaporating to a syrup and digesting in water, a dark- 
coloured solution is obtained, together with a residue very sparingly 
soluble in water. This residue treated with boiling alcohol yields a solu¬ 
tion, which, on cooling, deposits small needles of hydrochlorate of 
platosopyridine, C 10 NH 4 Pt,HCl. (Anderson.) 

* pt. - 1 Pt. = 49*5. 
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IT- Ethylopyridine. 

C W NH“ = C w n| c ^ 5 }- 

Pormed by the action of iodide of ethyl on pyridine. On gently 
beating the mixture of the two liquids an action ensues, attended with 
considerable rise of temperature, and hydriodate of ethylopyridine rises 
to the surface in the form of an oily layer, which crystallises on cooling. 
By decomposing this salt dissolved in water with moist oxide of silver, 
the base C u NH 9 0, is obtained, in the form of a colourless, strongly 
alkaline, aqueous solution, which has a caustic taste, absorbs carbonic 
acid from the air, and exhibits, for the most part with metallic salts, 
the same reactions as potash or soda. 


Hydriodate of Ethylopyridine , crystallises in tables having a silvery 
lustre, easily soluble in water, and somewhat deliquescent; they like¬ 
wise dissolve readily in alcohol and ether. 


Anderson. 

14 C . 84 .... 35-90 . 36*17 

N. 14 .. 5-98 . ... 5-70 

10 H. 10 .. 4*27 . 4-59 

I. 126 .... 53-85 . 53-54 


C 14 NH 9 ,HI or C 14 NH 10 ,I 234 .... 100*00 . 100*00 


Ghloro-aurate . C u NH 10 Cl,AuCl 3 . Yellow tables, sparingly soluble 
in cold water, and decomposed by boiling with water. 

Ghloroplatinate. Obtained by decomposing the hydriodate with 
nitrate of silver; precipitating the excess of silver with hydrochloric 
acid; and mixing the filtrate with a concentrated solution of bichloride of 
platinum. Garnet-red rhombic tables, sparingly soluble in cold water, 
insoluble in a mixture of alcohol and ether. (Anderson.) 


14 C . 

. 84*0 

... 26-82 .. 

Anderson. 
. 26*33 

N . 

. 14-0 , 

... 4*47 


10 H .. 

. 10*0 

... 3*19 .. 

. 2*92 

3 Cl . 

. 106*2 . 

... 33*91 


Pfc . 

... 99*0 . 

... 31*61 .. 

. 31*62 

C 14 NH“Cl,PtCF 

. 313*2 

... 100*00 

lb 


Stenhouse’s Alkaloid. 

C 10 NH 7 =C 10 NH 5 ,H 2 ? 

Stenhottse. Ann. Fharm . 70, 200. 

Kidney beans are subjected to dry distillation in an iron cylinder, at 
the lowest possible heat; the distillate supersaturated with hydrochloric 
acid; the watery liquid decanted from the tar, which is then exhausted 
several times with water containing hydrochloric acid; the hydrochloric 
















stenhguse 5 s alkaloid* 
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acid liquids boiled for several Lours to volatilise or resinise the wood- 
spirit, acetone and neutral, and acid empyreumatic oil; and the 
liquid filtered through charcoal powder, supersaturated in a large distil¬ 
ling apparatus with lime or carbonate of soda, and distilled. A first 
watery distillate then passes over, with oily alkaloids floating upon it, 
which increase but then diminish again, so that at last nothing passes 
over but an aqueous solution of these oils, which must be collected apart 
as a second distillate. — The oil is removed from the first distillate, and 
dissolved in hydrochloric acid; the hydrochloric acid solution separated 
from the neutral oil by means of a wet filter; the filtrate distilled in a 
-large retort with excess of carbonate of soda; and the oily alkaloid 
which passes over separated with the pipette from the ammoniacal liquid. 
The second distillate, after neutralisation with hydrochloric acid, is then 
concentrated at a gentle heat, (at a boiling temperature a large quantity 
of the alkaloid would be resinised,) distilled with carbonate of soda, 
and the oily alkaloid which is removed from the distillate, rectified 
several times with water, a small quantity of resin then remaining 
-behind. The united oily alkaloids from the first and second distillates 
are repeatedly shaken up with strong potash-solution to remove the 
ammonia, being each time separated from the ammoniacal potash-ley, till 
all the ammonia is expelled, which is not effected without loss; they are 
then freed from water, which amounts to half their bulk, by repeated 
agitation and several days’ standing with hydrate of potash, till that 
substance no longer becomes moist; the clear oil poured off and carefully 
rectified; and the last third, which passes over no longer colourless but 
yellowish, collected apart, repeatedly rectified, till it also becomes colour¬ 
less, then added to the first two-thirds, and slowly rectified in a retort 
provided with a thermometer. The boiling begins at 108°; a small 
quantity passes over between 108° and 180°; a large quantity between 
150° and 165°; and the last between 3 65° and 220°. The distillates 
thus obtained are further separated, according to their different degrees 
of volatility, by repeated fractional distillation. 

All these oily alkaloids agree with each other in the following 
respects : They are transparent and colourless, with strong refracting 
power; lighter than water; have a pungent, slightly aromatic odour and 
a burning taste; redden turmeric, and turn reddened litmus blue; and 
produce fumes with hydrochloric acid. In closed vessels they do not 
alter in the dark, but on exposure to light they become yellow and less 
volatile. When boiled, they turn brown, and are resolved into a colour¬ 
less distillate and a dark-brown resinous residue. When passed through 
a red-hot tube filled with charcoal, they are converted into ammonia. 
They are also decomposed, with evolution of ammonia, by boiling with 
potash-ley, or by the continued boiling of their aqueous solutions. By 
nitric acid they are converted into resins of a deep yellow colour, not 
into picric acid, and by aqueous chloride of lime into brown resins 
without exhibiting the reaction of aniline. They dissolve in water with 
tolerable facility, the more volatile more readily than the less. They 
neutralise acids, and their salts are mostly crystallisable; but those of 
the more fixed alkalis are contaminated with a brown resin and crys¬ 
tallise less readily. They precipitate the salts of iron and copper, but 
the copper-precipitate dissolves with blue colour in excess of the alkalis. 
With mercury, gold, and platinum, they form double salts, which are 
about as soluble as the corresponding double salts of ammonia. 

The alkaloid which boils between 150° and 155° forms crystallisable 
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salts with sulphuric, nitric, and hydrochloric acid. The hydroclilorate 
forms easily soluble, transparent prisms. The gold double salt dissolves 
readily in water, and separates in light yellow needles on cooling. The 
platinum, double salt forms four-sided prisms of a deep yellow colour, 
which dissolve in water with tolerable facility; they contain 34*66 p. c. 
platinum. (Stenhouse.) 

Alkaloid, boiling at 150°—155°, at 160°—165°, at 170°, at 200°—210° 

IOC . 60 .... 74-07 .... 74-69 .... 74-08 .... 75-42 .... 75-63 

N. 14 .... 17-29 

7 H. 7 .... 8-64 .... 7-97 .... 8-06 .... 8-52 .... 8-73 

C 10 NH 7 . 81 .... 100-00 

[May not these several volatile oils be merely the same alkaloid in different degrees 
of purity ?] 

The same or similar alkaloids are obtained by dry distillation, at the 
gentlest possible heat, of bones, wheat, linseed-oil cake, coal, peat, and 
the entire plant of Pter is aquilina, whereas wood yields only a trace. 
(Stenhouse.) 

Kidney-beans or linseed-oil cake distilled with strong soda-ley, like¬ 
wise evolve, together with ammonia, a tolerably large quantity of a 
similar alkaloid, which may be obtained by rectifying the distillate, 
neutralising with hydrochloric acid, filtering from the neutral oil, &c.; 
ox-liver similarly treated yields but a small quantity. (Stenhouse.) 

Similar alkaloids are likewise obtained by digesting kidney-beans 
with a mixture of 1 pt. oil of vitriol and 3 to 4 pts. water, the process 
being stopped before sulphurous acid begins to escape. (Stenhouse.) 

In the dry distillation of Semen Lycopodii, an oily alkaloid of peculiar 
and very pungent odour passes over first, then an alkaloid resembling that 
obtained from kidney-beans. If, on the other hand, the lycopodium be 
first boiled to dryness with strong soda-ley and then distilled, only the 
former alkaloid is obtained, together with a large quantity of ammonia. 

Lastly, similar alkaloids may he formed by the putrefaction of 
azotised compounds. Horse-flesh which had been repeatedly boiled with 
water for a different purpose, on being left to putrefy, and then exhausted 
with water containing hydrochloric acid, yielded a hydrochlorate of an 
alkaloid and sal-ammoniac. By concentrating the liquid, distilling with 
carbonate of ammonia, and repeatedly rectifying the distillate over 
hydrate of soda, a light, colourless, oily mixture of alkaloids was 
obtained, having a rather agreeable aromatic odour, easily soluble in 
water, and capable of neutralising acids; the quantity was however much 
less than that which had been obtained by dry distillation of the flesh. 
(Stenhouse, Ann. Pham. 72, 86.) 








GUAJACENE. 
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LIKENE-SEBIES. 


Primary Nucleus. C 10 H 8 . 

The illuminating gas obtained on the large scale by dry distillation 
of resin and a small quantity of fixed oil, deposits under strong pressure 
a brown oily mixture having the odour of phosphuretted hydrogen. 
This oily mixture when distilled, leaves a sooty matter, bituminous tar, 
and a small quantity of naphthalin, and yields a nearly colourless distil¬ 
late, which, when dehydrated over chloride of calcium and repeatedly 
subjected to fractional distillation, is resolved into six oils of various 
degrees of volatility (boiling from 28° to 140°.) (Couerbe.) After the 
most volatile, which boils at 28° [and is perhaps amylene], follows the 
oil, probably belonging to this place, and called by Couerbe, Pentaearbure 
quadrihydrique . 

It is colourless, of sp. gr. 0*709 at 14°, boils at 50° [calculation, 
according to Gerhardt’s law (vii. 57), gives 45°], and its vapour- 
density is 2*354. (Couerbe, Ann. Chim. Pliys. 69, 184; J. pr. Chem. 


18, 165.) 



Couerbe, 


Vol. 

Density. 

10 c . 

. 60 . 

... 88*24 .... 

. 88*14 

C-vapour .... 

10 . 

... 4*1600 

8 H. 

... 8 ., 

... 11*76 ... 

. .. 11*59 

H-gas . 

8 . 

... 0*554(5 

C 10 H 8 . 

... 68 . 

... 100*00 ... 

. 99*73 

Oil-vapour 

2 . 

1 . 

... 4*7146 
... 2*3573 


Guajacene. 

C 10 H 8 O 2 =C 10 H 8 ,O 2 . 

Deville. (1843.) Gompt. rend . 17, 1143; 19, 134. 

C. Volckel. Ann . Pharm. 89, 345. 

Guajol. (Volckel.) 

The oily mixture of guajacene, pyroguajacic acid, nacreous lamina, 
and certain other empyreumatic products, obtained by dry distillation of 
guajac resin, yields, when it is rectified, and only the most volatile 
portion collected, guajacene, which appears to be formed, with elimi¬ 
nation of 2 At. carbonic acid, by decomposition of the guajacic acid 
contained in the resin. (Deville.) 

Colourless oil (Deville); yellow, even after repeated distillation. 
(Volckel.) Sp. gr. 0*874 (Deville); 0*871 at 15°. (Volckel.) Boils at 
118° (Deville); from 115° to 120° (Volckel); giving off a vapour whose 
density is 2*92. (Deville.) Smells like bitter almond oil (Deville), 
somewhat also like the yellow oils which pass over in the distillation of 
sugar between 80° and 120°. Its taste is very strong, pungent, and 
burning. 
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Calculation, acc. to Deviile. 

Calc. acc. 

to Yolckel. 

Yolckel. 

10 C. 

.... 60 .... 71-42 

9 C. 


54 -• 70*13 

69*91 

8 H . 

.... 8 .... 9*53 

7 H. 


7 .... 9*10 

9*40 

20. 

.... 16 ... 19*05 

2 0. 

. 

16 ... 20*77 

20*69 

C 10 H 8 O*. 

.... 84 .... 100*00 

C s H 7 0 2 


77 .... 100*00 

100*00 




Yol. 

Density. 



C-vapour. 


10 . 

... 4*1600 



H-gas . 


8 , 

... 0*5546 



O-gas . 


. 1 . 

.... 1*1093 



Guajacene-vapour 


2 

.... 5*8239 





1 , 

.... 2*9119 



[If the formula C 10 H 8 O' 2 be correct, guajacene may be regarded as tbe aldide of 
angelic acid (Gerhardt, Compt . rend . 26, 226.)—Yolckel’s foimula, which agrees 
better with the analysis, should perhaps be doubled to make the number of carbon-atoms 
even.] 

Tbe oil, when exposed to tbe air, is converted by oxidation into 
beautiful crystalline laminse. (DeviUe.) [Of angelic acid ?] — flT. Each 
time that it is distilled, a small quantity of a yellowish brown substance 
is formed. — Nitric acid dissolves it with violent action, and water added 
to the solution throws down a yellow resinous body. Strong sulphuric 
acid also dissolves it, forming a solution from which water precipitates 
a small quantity of resinous matter. The oil absorbs a small quantity of 
hydrochloric acid gas, and acquires thereby a darker colour. It absorbs 
chlorine, with formation of a heavy yellow oil. When shaken up with 
potash, it is at first decolorised, but quickly passes through successive 
shades of blue, red, and brown, and is ultimately converted into a 
resinous body of yellow, brownish yellow, yellowish brown, or red-brown 
colour, according to the strength of the potash-ley. The red-brown 
substance dissolves in water, forming a solution of the same colour from 
which it is reprecipitated by water. It also dissolves in alcohol. (Volckel.) 

Guajacene is but sparingly soluble in water, but dissolves in all pro¬ 
portions in alcohol and ether. (Yolckel.) 

Essential Oil of Roman Camomile (.Anthemis nobilis). — This oil is a 
mixture of the aldide of angelic acid C 10 H 8 O 2 [or hydride of angelyl 
C 10 H 7 O 2 ,H] with a hydrocarbon, C 20 H 16 , isomeric with oil of turpentine, 
and a small quantity of angelic acid. It is greenish, slightly acid, and 
has a pleasant odour. It begins to boil at about 160°; but the boiling 
point gradually rises to 180° and even to 190°, at which temperature 
two-thirds of the oil pass over. Towards tbe end of the distillation, the 
boiling point rises to 210°, but this rise is due merely to the presence of 
a resinous impurity and of a less volatile oil} for the first and last por¬ 
tions of the distillate exhibit the same reactions and very nearly the 
same boiling point. Three portions of the oil collected between 200° 
and 210°, gave by analysis ; 

Gerkardfe. 


Carbon. 75*57 ... 76*61 .... 76*00 

Hydrogen... 10*57 .... 10*66 .... 10*78 

Oxygen. 13*86 .... 12*73 ... 13*22 


100*00 .... 100*00 .... 100*00 

The oil is not acted upon by aqueous potash; but when gently 
heated with pulverised hydrate of potash, it is entirely converted, without 
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evolution of gas, into a gelatinous mass from which water separates the 
oil in its original state. On continuing the heat, however, a sudden rise 
of temperature takes place, and hydrogen is evolved; and if the external 
heat be then removed, the action goes on spontaneously to the end; the 
hydrocarbon contained in the oil volatilises, and angelate of potash 
remains behind: 

C 10 H 8 O 2 + HO,KO = C 10 H 7 KO 4 + 2H. 

If the hea/ting be still further continued, hydrogen is more abundantly 
evolved, and the angelate of potash is converted into acetate and propio¬ 
nate of potash : 

C 10 H 8 O 4 + 4HO = C 4 H 4 0 4 + C 6 H 6 0 4 + 2H. 

(Gerkardt, Pf. Ann . Chim. Phys. 24, 96; also Traite de Chimie organique , 
2, 445; Chiozza, Pf. Ann. Chim. Phys. 39, 435.) 

Oil of camomile does not form any crystalline compound with alkaline 
bisulphites. (Bertagnini.) IT. 


Angelic Acid. 

C 10 H 8 O 4 = C 10 H 8 ,O 4 . 

L. A. Buchner. (1843.) Repert. 76, 161; abstr. Ann. Pharm . 42, 226. 

H. Meyer & D. Zenner. Ann. Pharm. 55, 307. 

Reinsch. Jahrl . pr. Pharm. 7*, 79; — & Hopf. 11, 217; — & Recker, 

16, 12. 

Angelicic acid, Sumlulolsaure, Angeliksaure , Acide angelique. 

Sources and Formation . In the root of Angelica Archangelica 
(Buchner), and more abundantly, as it appears, in the Sumbul or Moschus- 
root, which likewise appears to belong to an umbelliferous plant. 
(Reinsch.) The less volatile portion of the essential oil of Anthemis 
nobilis is converted by boiling with alcoholic potash into angelate and 
valerate of potash. (Gerhardt, N. Ann. Chim. Phys. 24, 96.) — If. The 
supposed valerianic acid obtained by decomposing this potash-salt with sulphuric acid, 
was probably nothing but angelic acid, rendered uncrystallisable by the presence of 
certain products of its decomposition, viz., acetic and propionic acid; in fact, the 
angelates and the valerates exhibit nearly the same composition per cent. (Gerhardt, 
Traite de Chimie organique, 2, 450.) The oil is also converted into angelate 
of potash when gently heated with pulverised hydrate of potash. 
(Chiozza, vid. sup.) — 2. Peucedanin treated with alcoholic potash, is con¬ 
verted into angelic acid and oreosilin (Wagner J. pr. Chern. 62, 275): 

C»*H 12 0« + KO,HO » C 10 H 7 KO 4 + C 14 H 6 0 4 

Peucedanin Angelate of Oreoselin 

potash 

Preparation . a. From Angelica-root. 1 . The root is exhausted with 
alcohol; the filtrate evaporated to a small bulk; the residual angelica- 
balsam freed from the subjacent layer of extract, which has the consistence 
of honey; then washed with water, and digested with aqueous potash; the 
filtrate evaporated; the mass redissolved in water; the liquid filtered to 
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separate a waxy substance; the filtrate then set aside as long as needles 
of angelicin continue to separate from it; the liquid separated therefrom 
and containing angelate of potash, distilled with dilute sulphuric acid; and 
the distillate, consisting partly of aqueous acid, partly of oily drops of the 
pure acid saturated with potash, evaporated and distilled with strong 
phosphoric acid: pure angelic acid then passes over in the form of an oil. 
(Buchner.) The liquid obtained by boiling the balsam with dilute potash 
may also be supersaturated when cold with dilute sulphuric acid, decanted 
from the precipitated resin, and distilled; and the distillate, which smells 
of valerianic acid, redistilled; the turbid distillate then deposits crystals 
of angelic acid, surmounted by an oRy la^er of valerianic acid. (Meyer & 
Zenner.) — 2. Fifty pounds of the dry toot are boiled with 4 pounds of 
lime and with water; the liquid strained by pressure through linen; the 
brown solution evaporated, and distilled in a copper still with excess of 
dilute sulphuric acid; the turbid and acid distillate, which is covered with 
a neutral oil, and smells like fennel, supersaturated with potash and 
evaporated, whereby the fennel odonr, which proceeds from neutral oil, is 
destroyed; the brown residue again distilled with sulphuric acid in the 
copper still, with a condensing tube not kept too cold; the residue 
repeatedly mixed with small quantities of water and redistilled; and the 
turbid distillate, containing a large quantity of oily drops, set aside for 
several days in the cold, as long as angelic acid continues to separate from 
it in needles and prisms, while valerianic and acetic acid remain dissolved 
in the water. The crystals are then washed with a small quantity of 
water, and repeatedly crystallised to free them from the still adhering 
valerianic acid, which remains in the mother-liquor, together with a small 
quantity of angelic acid. 100 pts. of" the root thus treated, yield from 
0*25 to 0*38 pt. of pure angelic acid. (Meyer & Zenner.) 

5. From Sumhul-root. — Sumbul-balsam obtained by exhausting the 
root with alcohol and evaporating the filtrate, is boiled with concen¬ 
trated potash, whereupon a volatile oil evaporates; the brown-red 
alkaline filtrate mixed with sulphuric acid, which separates a dark brown 
oil; and this oil distilled with water, which is added at intervals as the 
distillation goes on, as long as it passes over turbid, and mixed with 
drops of oil. (Sumbulamic acid remains in tbe retort). The oily-watery 
distillate set aside in tbe cold, deposits angelic acid (amounting to 3*5 per 
cent, of tbe root) in transparent colourless needles, while a small quantity 
of valerianic acid remains in solution. The crystallised acid is purified 
by twice saturating it with carbonate of soda, and distilling with sul¬ 
phuric acid, then by distilling it per se, and finally, by keeping it for a 
long time in a state of ebullition. (Reinsch.) If tbe acid lias not been 
completely freed by sufficient distillation from tbe sumbulamic acid like¬ 
wise occurring in the sumbul-root, tbe alcoholic solutiun acquires a fine 
blue colour when mixed wfitli sulphuric acid; whereas, if sumbulamic is 
not present, the solution remains colourless. (Reinsch.) — c . By heating 
the essential oil of Anthemis nolilis w r ith hydrate of potash. (Gerliardt, 
Chiozza, p. 413.) 

P?*operties. Large, long, transparent, colourlessjprisms and needles. 
(Meyer & Zenner, Reinsch). Melts at 45° (Meyer & Zenner), between 
43° and 45° (Reinsch), to a transparent oil which floats on water, and at a 
few degrees above 0°, solidifies in a radiated mass of needles. (Buchner.) 
Boils at 190° (191° according to Reinsch), and may he distilled without 
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decomposition. (Meyer & Zenner.) Has a peculiar aromatic odour (Meyer 
& Zenner); a pungent odour like that of valerianic and glacial acetic acid. 
(Reinsch, Buchner.) Tastes very sour and at the same time burning aud 
aromatic (Buchner, Reinsek), and when placed on the tongue, produces a 
white spot which soon disappears. (Reinsch.) Reddens litmus. 


^Crystals. 


IOC. 60 

8 H. 8 

4 O . 32 


Meyer & 
Zermer. 
a. 

60 . 59'42 

8 8*04 

32 32*54 


Reinsch &. 
Ricker. 
b . 

.... 59*79 .... 

.... 8*03 .... 

.... 32*18 .... 


Gerhardfc. 

c. 

59*69 

7*98 

32*33 


C 10 H s O 4 . 100 .... 100 . 100*00 ... 100*00 ... 100*00 


a is the acid from angelica-root ; b that from sumbul-root; c that obtained by- 
fusing the oil of Roman camomile with hydrate of potash. 


Decompositions . 1 . The acid burns, when set on fire, with a bright 

and somewhat smoky flame. — 2. The potash-salt fused with excess of 
potash is resolved into acetate and propionate of potash, with evolution 
of hydrogen (Chiozza, p. 413). 


Combinations. Angelic acid dissolves sparingly in cold, abundantly 
in hot water, whence it separates in needles on cooling. (Meyer & 
Zenner.) 

Angelic acid decomposes the alkaline carbonates. The Angelates give 
off part of their acid when their aqueous solutions are evaporated. 
(Meyer & Zenner.) 

Angelate of Ammoyiia. — Soluble in water and alcohol (Meyer); the 
solution smells like saffron. (Reinsch.) 

Angelate of Potash . —Soluble in water and alcohol. (Reinsch.) 

Angelate of Soda. — Soluble in water and alcohol. (Meyer.) The 
concentrated solution mixed with alcohol yields deliquescent crystals. 
(Reinsch.) 

Angelate of Lime . — Shining laminse, which dissolve very easily in 
water, and give off 12*1 p. c. water at 100°. (Meyer. & Zenner.) 


Crystals. Meyer & Zenner. 

CaO . 28 .. . 20-44 . 20-56 

C‘“HW. 91 . 66-42 

2 HO. 18 .... 13-14 . 12-10 


C i0 H 7 CaO 4 ,2Aq. 137 .... 100 00 

Angelate of Lead. — Alkaline angelates form, with lead-salts, a white 
precipitate soluble in a large quantity of water. (Buchner.) The pre¬ 
cipitate likewise dissolves on heating the mixture, and then separates in 
nodules on cooling. (Reinsch.) The solution of lead-oxide in excess of 
the aqueous acid, yields, when evaporated by heat, beautiful crystals^ of 
the neutral salt. The salt is very much inclined to give up a portion 
of its acid, and pass into the condition of a basic salt, which crystallises 
in laminae. The neutral salt cakes together when heated, and gradually 
melts into a semi-transparent mass, while part of the acid volatilises. 
(Meyer & Zenner.) 
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Neutral crystals dried cold in vacuo. Meyer & Zenner. 


PbO . 

.112 .. 

.. 55-17 .... 

.. 54*95 

10C . 

. 60 . 

. 29*55 .. 

.... 29-37 

7 H. 

. 7 .. 

.. 3*44 .... 

.... 3-66 

3 0. 

. 24 .. 

.. 11-84 . 

.... 12-02 


C 10 H 7 PbO 4 ... 203 .. 100-00 . 100-00 

The alkaline angelates form, with Ferric salts , a flesh-coloured pre¬ 
cipitate insoluble in water (Buchner, Meyer), a yellowish brown pre¬ 
cipitate (Reinsch); with Cupric salts, a bluish white precipitate, soluble 
in a large quantity of water (Buchner); and with Mercurous nitrate, a 
white precipitate, which soon turns grey (Buchner), and redissolves. 
(Reinsch.) They do not precipitate corrosive sublimate. 

Angelat-e of Silver . —- Alkaline angelates precipitate from silver-solu¬ 
tion, a white salt (crystalline according to Reinsch), which dissolves in a 
large quantity of water, forming a solution whence silver is deposited, 
after a while, in the form of a black powder. (Buchner.) The somewhat 
acid solution of silver-oxide in the boiling aqueous acid, yields by evapo¬ 
ration at the gentlest possible heat, small crystals of the neutral salt, 
having usually a greyish white colour, and soluble in water and alcohol— 
or sometimes, if the acid volatilises during the evaporation, laminse of a 
basic salt. (Meyer & Zenner.) 

Neutral crystals, dried cold in vacuo. Meyer & Zenner. 


10 C. 

. 60 . 

. . 28*99 ... 

. 29 08 

7 H. 

. 7 . 

... 3*38 .. 

. ... 3*54 

Ag . 

. 108 . 

... 52-17 ... 

.. .. 52-26 

4 0. 

.. .. £2 . 

.. 15-46 . . 

.. 15*12 

C 1Q H 7 Ag0 4 . 

. 207 . 

... 100-00 ... 

. 100-00 


Angelic acid dissolves very readily in alcohol and ether. (Meyer & 
Zenner, Reinsch.) 

It dissolves easily in oil of turpentine and infixed oils. (Meyer & 
Zenner.) 


IT- Anhydrous Angelic Acid- C I0 H 7 O 3 or cwo 2 } 0 * 

Chiozza. JSh. Ann. Chim. Fhys . 39, 210; Compt. rend. 36, 630; Ann. 

Fhaim. 86, 260. 

Obtained hy the action of oxychloride of phosphorus on angelate of 
potash. The viscid oil thus produced yields, when treated with dilute 
carbonate of soda and then with ether, an ethereal solution, which, when 
evaporated, leaves the anhydrous acid. 

Perfectly neutral, limpid oil, heavier than water; does not crystallise 
even in a mixture of ice and salt; has a peculiar odour differing alto¬ 
gether from that of the hydrated acid. It is but very slowly rendered 
acid by the action of water; but strong alkaline solutions dissolve it 
readily with the aid of heat. 

Chiozia. 

20 C. 120 .... 65-93 .. 65‘92 

14 H. 14 ... 7*70 7*88 

6 O . 48 . 26 37 . 26*20 


C-20H«O e 


182 .... 100-00 


100*00 
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When distilled, it begins to boil at 240°; but tbe temperature soon 
rises to 250°, where it remains nearly stationary. Towards tbe end of 
the distillation, the liquid emits a penetrating odour, like that of citraconic 
acid; becomes continually darker in colour; and ultimately leaves a 
carbonaceous residue. The distillate contains hydrated angelic acid, 
part of which condenses in needles in the neck of the retort; also a 
neutral oil, having an odour like that of peppermint. The anhydrous 
acid, heated with a small piece of hydrate of potash, becomes strongly 
acid, and gives off vapours of the hydrated acid. — Aqueous ammonia 
first converts it into a buttery mass, and then dissolves it. — In contact 
with aniline, it becomes strongly heated, an^, after a while, deposits 
crystals of angelanilide. (Chiozza.) 


Conjugated Compound . 

Angelic Ether- 

When angelate of soda is distilled with a mixture of 1 pt. of oil of 
vitriol and 2 pts. of 94 per cent, alcohol, angelic ether passes over in 
oily striae, which may be separated by water and common salt. 

It is colourless, smells like sour apples, and when inhaled excites 
coughing and violent head-ache; its taste is sweetish, burning, and 
aromatic. It burns with a bluish flame. (Reinscli & Ricker.) 


Secondary Nuclei. 
a. Oxygen-nucleus . C 10 H 6 O 2 . 

Citraconic Acid. 

C 10 H 6 O 8 = C 10 H 6 O 3 ,O 6 . 

Lassaigne. (1822.) Ann. Chim. Phys. 21, 100; also J. Pharm. 8, 490; 

also Schw. 36, 428; also A r . Tr. 7, 2, 111. 

Dumas. Ann. Chim. Phys. 52, 295; also Schw. 68, 331; also Pogg. 

29, 37; also Ann. Pharm. 8, 17. 

Robiquet. Ann. Chim. Phys. 65, 78. 

Liebig. Ann. Pharm . 26, 119, and 152. 

Crasso. Ann. Pharm. 34, 68. 

Engelhakdt. Ann. Pharm. 70, 246. 

Gottlieb. Ann. Pharm. 77, 265; abstr. Phat'rn. Centr. 1851, 353; 
Compt . chim. 1851, 113; Pf. J. Pharm . 19, 476; Chem. Gaz. 1851, 
233; Jahresber. 1851, 394. 

Pyrocitric acid T Brenzcitronsaure, Acide pyrocitrique 3 Ac. citribique. (Baup.) 

Formation. By the dry distillation of citric acid (Lassaigne), and of 
lactic acid. (Engelhardt.) 

Preparation. Citric acid subjected to dry distillation yields a 
watery acid liquid, and below it an oily liquid [anhydrous citraconic 
VOL. x. 2 E 
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acid with a small quantity of empyreumatic oil]. The former is to be 
immediately saturated with lime. The oil is repeatedly shaken up with 
water, which then takes up an additional quantity of citraconic acid, 
and leaves a brown pitchy mass, having a very decided empyreumatic 
odour. The aqueous acid obtained in this manner from the oily liquid, is 
also saturated with lime, and the solution either freed from lime by pre¬ 
cipitation with oxalic acid, and afterwards filtered and evaporated; or 
the liquid mixed with acetate of lead, whereby citraconate of lead is 
precipitated, and this precipitate decomposed by sulphuretted hydrogen. 
(Lassaigne.)—Dumas dilutes wnth water the distillate obtained by dry 
distillation of citric acid, neutralises with carbonate of soda, and preci¬ 
pitates with acetate of lead. — Crasso purifies by rectification tbe oily 
distillate obtained by dry distillation of citric acid [citraconic anhy¬ 
dride], and converts it by exposure to moist air into the crystallised acid, 
which may be freed from tbe excess of water which it has absorbed, by 
pressure between paper and drying at 50°. 

2. To obtain the small quantity of citraconic acid in the liquid 
obtained by dry distillation of lactic acid, and consisting chiefly of 
lactide, lactic acid, and aldehyde, this distillate is freed from aldehyde 
by beating it to 100°; tbe residue, which solidifies to a crystalline magma 
on cooling, washed with absolute alcohol, which leaves the lactide-crystals 
undissolved; tbe alcoholic filtrate distilled, whereupon the lactic acid 
remains behind; tlie portion which distils over at 220°, neutralized with 
carbonate of baryta; and the baryta-salt, which separates from the alco¬ 
holic liquid as a crystalline magma, purified by recrystallisation from 
hot water. (Engelhardt.) 

Properties. Colourless, four-sided prisms belonging to the right 
prismatic system (Crasso); mass composed of interlacing needles. (Las¬ 
saigne.) Melts at 80°. (Crasso.) Inodorous; has a sour and slightly 
bitterish taste, and reddens litmus. (Lassaigne.) 


Crystals. Cra^o. Lassaigne. 

10 C. 60 . .. 46*15 46*24 . 47*5 

6 H .. . 6 .... 4*62 4*60 .. 9*0 

8 0 . 64 49*2-3 . 49*16 . 43*5 


C 10 H G O s . 130 ... 100*00 .... 100*00 100*0 


Decompositions. 1. The acid heated in a retort above its melting 
point, evaporates, and passes over, first as water, afterwards as citraconic 
anhydride, without leaving any residue. (Crasso.) 

C 10 H°O 8 = C S H 4 G G + 2HO. 

2. When bromine is gradually added to the concentrated solution of 
neutral citraconate of potash in water, carbonic acid gas is evolved with 
effervescence, the liquid becomes turbid, and deposits a yellow oil, the 
quantity of which is about equal to that of the decomposed citraconic 
acid. This oil is a mixture of 1 pt. tribromopropylaldide (ix. 428), and 
5 pts. bibromobutyric acid (p 136) (Cahours): 

2C 10 H 4 K 2 O 8 + 2HO + lOBr = 6C0 2 + C 8 Br 2 H 5 G 4 + C^tTO 2 + HBr + 4KBr. 

[According to this, hotrever, the quantity of tribromopropylaldide should exceed 
that of the bibromobutyric acid.] — - If the solution of the citraconate of pot¬ 
ash contains excess of potash, the bromine likewise separates an oily 
mixture, with copious evolution of carbonic acid; but the acid extracted 
therefrom by alkalis is bromopropionic acid (ix. 428), and the insoluble 
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heavy oil is richer in bromine than tribromopropylaldide. (Cahours.) 
— IT. 3. When a dilute solution of citraconicacid is boiled with about -J-pt. 
of dilute nitric acid, a quiet action takes place, attended with slow evolution 
of gas; and the solution left to cool after a quarter to half an hour’s boiling, 
deposits porcelain-1 ike crystalline masses of mesaconic acid (p. 427). 
The mother-liquor yields by evaporation a small additional quantity of 
mesaconic acid, and lastly oxalic acid; there is also formed a yellow 
nitrocompound, which adheres obstinately to the mesaconic acid, and 
colours it yellow, but may be removed by repeatedly crystallising the 
acid, or by boiling with animal charcoal. (Gottlieb.) — When a saturated 
solution of citraconic acid is gently heated with nitric acid of sp. gr. 1 *47, 
a violent action takes place, attended with the formation of numerous 
products. (Gottlieb.) When citraconic acid is treated with strong nitric 
acid, there is formed, among other products, an oily substance which, on 
cooling, solidifies in a crystalline mass. On boiling this mass with water, 
an odour of mint is evolved, and the liquid acquires a sweet taste. By 
repeatedly boiling the crystalline mass with water, and then treating it 
with hot alcohol of 88 per cent., a solution is obtained which, on cooling, 
deposits two substances of different degrees of solubility, both of which 
are colourless nitrocompounds, without taste or smell. The more soluble 
of these two bodies crystallises from alcohol, in white, striated, silky 
prisms; from ether in small transparent, highly lustrous crystals. It 
dissolves readily in hot alcohol of 88 p. c., in 170 parts of the same at 
10°, and in 10,000 pts. of water at 10°. In boiling water, it melts into 
transparent globules, which, on cooling, often remain soft and trans¬ 
parent, but immediately become bard and opaque on being touched. This 
substance solidifies after fusion to a laminated crystalline mass, provided 
it has not been heated too long; at a higher temperature, it volatilizes 
completely, emitting an odour like that of ainyrin; gives off nitrous 
fumes when heated m a tube; burns with flame when set on fire. Dis¬ 
solves in warm oil of vitriol, and crystallises out for the most part again 
on cooling. — The less soluble substance crystallises from alcohol in small, 
shining, transparent needles; also from ether in needles. It dissolves at 
10° in 2200 pts. of 88 p. c. alcohol, in 1500 pts. of 97 p. c. alcohol, and 
in 24,000 pts. of water. Does not melt in boiling water, hut dissolves 
to a certain extent in that liquid. Solidifies in shining prisms, even after 
long-continued fusion. Sublimes completely in small shining crystals, 
giving off a peculiar odour, like those of cumin and of mint. Dissolves 
also in oil of vitriol. (Baup, Ann. JBharm. 81, 103.) % 

Combinations . The acid dissolves in S pts. of water at 10° (Las- 
saigne; in 0*42 pt. at 15° (Baup); it deliquesces in the air, and its con¬ 
centrated solution is viscid (Crasso). 

The neutral Citmconates or JPyrocitrates are = C 10 H 4 M~O 8 , and the 
acid salts = C 10 H 5 MO 8 . 

Cjtraconate of Ammonia. — Acid. — Obtained by supersaturating 
ammonia with the aqueous acid. Shining crystalline laminm. (Crasso.) 

Crystals. Crasso. 

10 C . 60 ... 40*81 . . 41 01 

N. 14 9*53 . 9*16 

9 H . 9 . 6-12 . .. 6*12 

8 0 64 . 43*54 . . 43*71 

C lu H 5 (NH 4 )O s . 147 . 100*00 . 100*00 

2 E 2 
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Citraconate of Potash — a. Bibasic or Neutral. — Carbonate of 
potash neutralised with the aqueous acid, dries up on evaporation to a 
pulverulent mass, easily soluble in water. — (Crasso.)—6. Monobasic or 
Acid. — If twice as much acid be used as is required to neutralise the 
potash, shining laminae are obtained, very easily soluble in water. 
(Crasso.) — Lassaigne describes a potash-salt which crystallises in 
needles, permanent in the air, and soluble in 4 pts of water. According 
to Baup (Ann. Bharm. 29, 169), there is also a salt containing I At. 
potash with 2 At. acid. 

Citraconate of Soda. — The bibasic and monobasic salts cannot be 
obtained in the crystalline form, but dry up to a white powder, which 
dissolves very easily in water. (Crasso.) 

Citraconate of Baryta. — a. Neutral. — The acid neutralised 
with baryta-water, deposits, after some hours, a crystalline powder, 
soluble in 1.00 pts. of cold, and 50 pts. of hot water. (Lassaigne.) The 
concentrated acid saturated at a boiling heat with carbonate of baryta, 
deposits on cooling a white crystalline powder, sparingly soluble in cold, 
readily in hot water. (Crasso.) The salt obtained by dry distillation of 
lactic acid (p 418), crystallises on cooling in beautifully nacreous laminae 
which give off 14*62 p. c. (5 At.) water, at 100°, retaining their lustre, 
and are decomposed only at a strong heat, (Engelhardt.) 

Dried at 100°. Englehardt. Crasso. Lassaigne. 

2 BaO . 153*2 ... 57*77 57*67 . 57*21 ... 56 : 1 

10 C . ... 60*0 .. . 22*62 . 22*69 

4 H . 4*0 1*51 . 1*86 

6 0 .. 48*0 18*10 17*78 

C 10 H 4 Ba 2 O s .. . 265*2 . 100*00 .. 100*00 

5. Acid. — Crystallises from the aqueous solution in large nodules, 
composed of delicate needles with a silky lustre. They contain 37'01 
p. c. baryta, do not give off anything at 100°, and swell up before burning. 
(Crasso.) 

Citraconate of Strontia. — a. Neutral. — Obtained by saturating 
the boiling acid with carbonate of strontia. Does not crystallise dis¬ 
tinctly, and effloresces strongly when the solution is evaporated. — b. Mono¬ 
basic. — Large, colourless, shining crystals, which give off 26*19 p. c, 
water and acid, and become opaque at 100°; emit a distinct odour of acid 
at 120°, and swell up at a stronger heat. (Crasso.) 


Crystals . 

SrO . ... 

. . 52 . 

.. 26*0 ... 

Crasso. 
.... 26*1 

C 10 H 5 0” . 

, .. 121 . 

... 60*5 


3 HO . . 

. 27 . 

13*5 


C 10 H 5 SrO 3 + 3 Aq. .. . 

200 

. 100*0 



Citraconate of Lime. — a. Neutral . — Needles united in arbo¬ 
rescent groups, having a sharp taste, soluble in 28 pts. of water, containing 
in the air-dried state 30 per cent, of water, and in the anhydrous state 
66 p. c. lime. (Lassaigne.) The acid saturated with carbonate of lime 
dries up with efflorescence when evaporated, and leaves a white mass, 
very soluble in water. (Crasso.) 
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b. Acid . — Distinct crystals, which at 100° give off 6*64 p. c. (1 At.) 
water, and crumble to a white powder; at 120°, give off in all 15*54 p. c. 
(3 At.) water; at 140° give off also a small quantity of acid; afterwards 
turn black, swell np into a brownish mass, and finally burn away. 
(Crasso.) 



Crystals . 


Crasso. 

CaO .... 

.. .. 28 

.. 15*91 

16*21 

C 10 H 5 O 4 

. .. . 121 

. 68*75 


3 HO 

27 

. 15*34 

. 15*54 


C 10 H 5 CaO 8 + 3 Aq. 176 . 100*00 

Citraconate of Magnesia. — The solution dries up on evaporation 
to a translucent mass, exhibiting a radiated structure on the fractured 
surface, and very soluble in water. (Crasso.) 

Manganous Citraconate. — Opaque viscid mass. (Crasso.) 

Stannous Citraconate. — Alkaline citraconates form a white pre¬ 
cipitate with protochloride of tin. (Crasso.) 

Citraconate of Lead. —* a. Qucidribasic . — Obtained by precipi¬ 
tating subacetate of lead with bibasic or monobasic citraconate of potash. 
White crystalline powder, nearly insoluble in water. (Crasso.) 

Crasso. 

4 PbO . . . 448 . 80 . 79*48 

C 10 tI 4 O G 112 20 


2 PbO,C 10 H 4 Pb 2 O s . . 560 100 

b. Neutral . — a. Anhydrous. — 1. A hot aqueous solution of bibasic 
citraconate of soda is precipitated by an insufficient quantity of nitrate of 
lead; and the sandy precipitate, as it is somewhat soluble, washed with 
not too large a quantity of cold water. (Dumas.) —2. The aqueous acid, 
mixed with a small quantity of ammonia, is precipitated with neutral 
acetate of lead, and the mixture heated to the boiling point, whereby the 
smaller portion of the bulky precipitate is dissolved, and the greater por¬ 
tion converted into a crystalline powder, which is thrown boiling hot on 
the filter, and washed with boiling water. It gives off nothing at J00°, 
but blackens at a stronger heat, and then burns away quietly. (Crasso.) 



Anhydrous. 


Dumas. 

Crasso. 

Lassaigne. 

2 PbO .... 

. 224 

66*67 .... 

, . . 66*46 ... 

66*60 . 

... 66-60 

10 c 

60 . 

17*86 ... 

. ... 18*21 



4 H . . 

4 

1*19 .... 

.... 1 22 



6 O 

48 . 

. 14*28 

. . 14*11 



O 10 HWO a 

... 336 . 

... 100*00 ... 

.... 100*00 




Dumas dried the salt m vacuo at 180°. 


/?. Bi-hydrated. — 1. The liquid filtered at a boiling heat from the 
anhydrous salt (vid. sup.), deposits on cooling a bulky white powder, 
which does not exhibit any crystalline structure when dry, swells up 
when heated, and dissolves sparingly in cold, but very readily in hot 
water. (Crasso.) 

ry. Telra-hydrated. — Obtained by precipitating a cold solution of 
neutral acetate of lead with bibasic citraconate of potash. White, trans- 
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lucent, gelatinous mass, which shrinks together in drying, and (hen 
contains 8 p. c. water. (Lassaigne.) Similarly with a cold solution of 
bibusic citraconate of ammonia. The jelly, when exposed to the air, dries 
up to a pale yellow gum, which at 100° becomes opaque, and gives off 
.9'27 p. c. water, and when further heated, burns away with intumescence. 
When the gelatinous precipitate is boiled with the liquid, it dissolves 
completely, but after a few seconds deposits the anhydrous salt, in the 
form of a crystalline powder, which does not redissolve by longer boiling. 
(Crasso.) 

Bihydrated. Crasso. 


2 PbO . 

C 10 H 4 O 5 . . . 

2 HO .... 

. ... 224 
.... 112 
18 

. . 63*28 

. 31*64 

. 5*08 

63*68 

C 10 H 4 Pb 2 O 8 + 2Aq. . 

.. 354 

. 100-00 


Tetrahydrated. 


Crasso. 

2 PbO. 

. 224 .... 

, 60*22 . 

59*66 

C 10 H 4 O 6 . 

. 112 ... 

, 30-11 


4HO . 

36 

9*67 

9*27 

C 10 HWO 8 + 4Aq. 

.. 372 

. 100 00 



c. Acid . — The solution of the bibasic salt in a large excess of the 
aqueous acid deposits small pale yellow crystals (Dumas); beautiful, 
loosely aggregated crystalline geodes, having a silvery lustre. (Grotilieb.) 


Dried in vacuo at 140°. 


Dumas. 

Gottlieb. 

PbO. 

.... 112 .. 

... 48*07 

47*89 

. 48*04 

10 C. 

60 .. 

.. 25'75 

. . 25*85 


5 H . 

5 . 

... 2*15 . 

. .. 2*24 


7 0. 

. 56 

24*03 . 

24*02 


C 10 H 5 PbO 8 . 

.233 

100-00 

. 100*00 



GottlieVs salt was dried at 100°. 


Hydrated Sesguioxide of Iron dissolves very slowly in the aqueous 
acid. 

The bibasic Co&aZS-salt is red and crystallo-grannlar. 

The bibasic Nickel-s alt is a green gum, and the monobasic salt forms 
green crystalline crusts. (Crasso.) 

The acid forms a precipitate with mercurous nitrate. (Lassaigne.) 

Citraconate of Silver. — a. Neutral. — The aqueous acid forms, 
with nitrate of silver, on the addition of a small quantity of ammonia, a 
bulky precipitate, which dissolves very readily in hot water, and separates 
out on cooling, in long, slender, shining needles. These crystals give off 
nothing at 100°, and burn with slight detonation at a stronger heat. 
The mother-liquor from which this anhydrous salt has crystallized, 
yields by slow evaporation, transparent, colourless, irregular six-sided 
prisms, which have an adamantine lustre, become opaque at 100 Q , with 
loss of 4*1 p. c. water, and when further heated, burn away with projec¬ 
tion of silver. (Crasso ) ^ The salt may be set on fire with a glowing slip 
of wood, burns with bright flame, and leaves shining silver, (Liebig.) 
The solution of the silver-salt in ammonia dries up in vacuo over oil 
of vitriol to a transparent, somewhat viscid mass, which dissolves readily 
m water. J 
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2 AgO 
10 C ... 
4 H ... 
6 0 

Anhydrous crystals. 

. 232 . . 

. 60 . . 

. 4 

. 48 

67*44 

17*44 

1*17 

13*95 

Liebig. 

... . 67-22 .. 

Crasso. 

... 66*70 .. 
.. 16*99 

1*47 

14*84 

Gottlieb. 
. 66-56 

C 10 H 4 Ag : 

O 8 . 

. 344 .. 

100*00 . 


100*00 .. 




I-Jydrated 

crystals. 


Crasso. 



2 AgO 


.. 232 .. 

, 64*09 . 

.. 63 02 



C 10 H 4 O 6 


... 112 

30*94 




2 HO ... 


18 

4*9/ 

. . 4*20 



C 10 H 4 Ag 2 O s 4* 2 Aq. 362 .. 100*00 

If. The crystals analysed by Gottlieb were obtained by precipitating the acid 
saturated with ammonia as above with nitrate of silver, dissolving the precipitate in hot 
water, leaving the solution to cool, whereupon it deposited delicate colourless needles, 
and then evaporating the liquid filtered from these crystals; somewhat larger needles 
were thus obtained, which when dried at 100°, yielded 61*98 p. c. silver. Gottlieb 
regards these crystals as the neutral silver-salt contaminated with a small quantity of 
acid salt. 


h. Acid. — 1. The mother-liquor of the crystals of the neutral salt yields, 
by spontaneous evaporation, short, shining crystals, united in groups, and 
differing considerably in appearance from the neutral salt. — 2. By dis¬ 
solving the neutral salt in aqueous citraconic acid at a gentle heat, and 
leaving the solution to evaporate, tolerably large crystals are obtained, 
united in tuft-like groups: they contain no water of crystallisation, and. 
are much more soluble in water than the neutral salt. (Gottlieb.) 


Crystals dried at 100°. 

AgO . 116 . .. 

10 C . 60 . 

5 H . ... 5 ... 

7 0 . 56 ... 


Gottlieb. 



(i) 

(2) 

4S-94 .... 

.... 49*51 .. 

.. 49*03 

25*31 


25*10 

2*12 


2*42 

23*63 


23*45 


C 10 H 5 AgO 8 . 237 .. 100*00 100*00 f. 

Citraconic acid dissolves very readily in alcohol. (Lassaigne.) 


Citraconic Ether. 

C 18 H 14 0 8 = 2C 4 H 5 0,C 10 H 4 0 6 . 

Malaguti. (1837.) Ann. Ghim . Phys. 64, 275; also Ann. Pharm. 25, 
272; also J '. p?\ Ghem. 11, 225. 

Crasso. Ann. Pharm. 34, 65 and 71. 

Preparation. By distilling citraconic acid with alcohol and hydro¬ 
chloric acid, cohobating five times, and washing the distillate with water. 
(Malaguti.) — Crasso proceeded in the same manner both with citraconic and with 
itaconic acid, from each of which he obtained an ether of the same composition. 

Properties. Transparent, colourless liquid of sp. gr. V040 at 18*5° 
(Malaguti), 1*05 at 15°. (Crasso.) The boiling point, which is 225°, at 
€*758 met. bar. rises rapidly, in consequence of partial decomposition of 
the ether. (Malaguti.) Boils at 227°. (Crasso.) Smells somewhat like 
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Calamus aromaticus (Malagnti); Las an agreeable aromatic odour 
(Crasso); tastes pungently bitter. (Malaguti, Crasso ) Neutral to vege¬ 
table colours. (Malaguti.) 

Malaguti. Crasso. 

with citraconic with itaconic 
acid. acid. 


18 C ... 108 . 58'06 .... 58-44 .. 57'74 . 57'46 

14 H ... 14 . 7-53 .. 7-66 7-51 7’53 

8 0 ..64 34-41 ... 33-90 34-75 ... 35-01 


C 18 H 14 0 li .. 186 .. 100-00 . 100-00 . 100-00 . 100-00 


Decompositions . —1 . When the ether is boiled, a small portion of it 
suffers decomposition, while the greater portion passes over unaltered. 
(Malaguti, Crasso.) — 2. Nitric acid does not decompose citraconic ether 
in the cold, and but slowly when heated. (Malaguti.) — 3. Oil of vitriol 
heated with citraconic ether, immediately gives off sulphurous acid and 
separates charcoal. (Malaguti.) — Bromine, iodine, and hydrochloric acid 
exert no decomposing action on the ether; and chlorine [Ann. Ghim . 
Phys. 70, 359) acts upon it but slightly. (Malaguti.) — 4. By continued 
contact with water, the ether is resolved into citraconic acid and alcohol. 
(Malaguti.) — 5. Potash resolves it into alcohol and citraconate of 
potash. Baryta, strontia, and lime-water, as well as nitrate of silver, 
form with it precipitates soluble in nitric acid. (Malaguti.) —• Dry 
ammoniacal gas has no action on the ether. (Malaguti.) 

Combinations. Citraconic ether dissolves in water to a scarcely per¬ 
ceptible extent. It dissolves without decomposition in cold oil of vitriol. 
— Mixes in all proportions with alcohol and common ether. (Malaguti.) 


Appendix to Citraconic Acid . 

1, Itaconic Acid, 

C 10 H 6 O 8 = C 10 H 6 0 2 ,0 6 . 

Baup. (1836.) Ann. Chim. Phys. 61, 182; also Ann. Pharm. 19, 29; 
abstr. J. pr. Chem . 8, 418.— Bill. univ. 1838, Aug.; also Ann. 
Pharm. 29, 166. 

Crasso. Ann. Pharm. 34, 61. 

According to Baup, the liquid obtained by dry distillation of citric 
acid contains, besides the citraconic or pyrocitric acid discovered by 
Lassaigne, and called by Baup, citribic acid, another less soluble acid, 
his citricic acid or itaconic acid, which appears to be isomeric with 
citraconic acid. Although the separate identity of these two acids is 
likewise admitted by Crasso, it is nevertheless very doubtful. Liebig, 
(Ann. Pharm. 26, 120) was not able to discover two different acids in 
the distillate of citric acid. According to Cahours. itaconate of potash 
is decomposed by bromine in exactly the same manner as citraconate. 
According to Gerhardt (Precis Ghim. ory. 1 , 558, and JY. J. Pharm. 
13, 293) the citraconates and itaconates do not exhibit any points of 
difference. [In his more recent Trade cle Chimie ory unique, ii. 118, 
however, Gerhardt treats itaconic acid as distinct from citraconic.] 
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According to Baup, the distinction between the two acids rests upon 
their different crystalline forms and their different degrees of solubility 
in water, and on the differences exhibited by some of their salts with 
regard to crystalline form and amount of water. But the crystals of 
citraconic acid require to be more exactly determined; their different 
solubility appears doubtful, considering the mode of preparation given 
by Baup; and the salts of the two acids have not yet been sufficiently 
investigated to enable us to regard the assigned differences as well 
established. Of greater importance appears to be distinction, that the 
crystals of itaconic acid, as stated by Baup and Crasso, do not melt at 
3 00°, whereas those of citraconic acid melt at 80°.—According to 
Gottlieb, itaconic acid is monobasic and citraconic acid bibasic. 

preparation. —1. The watery liquid obtained in the dry distillation 
of citric acid is evaporated and repeatedly cooled till the citraconic acid 
crystallises out; the mother-liquor then yields, by further evaporation, 
needles of itaconic acid, which may be freed from the more soluble 
citraconic acid by repeated solution and crystallisation. (Baup.) [It is 
inconceivable that the citraconic acid should crystallise out first, and 
then the itaconic acid from the mother-liquor of the former, seeing that 
citraconic acid, according to Baup, dissolves in 0’42 pts. cold water, 
while itaconic acid requires 17 pts. of water to dissolve it; and it is 
nowhere stated that the quantity of the itaconic acid bears but an 
extremely small ratio to that of the citraconic.] — 2. Twenty grammes 
of citric acid are heated in a retort capable of holding twice as much 
over a large spirit-lamp, the flame of which acts only on the bottom of 
the retort, while the upper part is protected from the heat, till yellow- 
vapours of empyreumatic oil begin to pass over; the oily distillate, which 
soon solidifies, is then dissolved in a six-fold quantity of water; the 
solution crystallised by evaporation, the citraconic acid then remaining 
in the mother-liquor; or the resulting crystals are freed from the empy¬ 
reumatic oil which colours them, by recrystallisation from alcohol or 
ether, and pressure between paper heated to 100°, and afterwards between 
paper moistened with absolute alcohol. If the oily distillates obtained 
by distilling citric acid, be dissolved in twice its volume of absolute 
alcohol, the itaconic acid separates out after a few hours in crystalline 
crusts, which, by solution in water and slow evaporation, may be con¬ 
verted into the rhombic octohedrons described by Baup. (Crasso.) — 
According to Gottlieb, citraconic acid heated for some time to 100°, is 
converted into itaconic acid; but to render the change distinct, it is 
necessary to operate with small quantities only. 

Propei'ties. Colourless rhombic octohedrons, (Pit/* 41.) a : a" and 
a': a! n — 136° 20°; a : a = 73° 15'; a' :a behind = 124°; also with the 
pt-, and i^-faces of Fig. 42; the p -face often predominates to such a 
degree that a bevelled rhombic table is produced; cleavage very distinct 
parallel to t; less distinct parallel to m. (Baup; comp. Scbabus, Jahresber . 
1854, 403.) The crystals do not give off" any thing at 320°; they melt 
at 161°, to a colourless liquid, which crystallises in a laminated form on 
cooling; evaporates, even somewhat below the melting point, in white, 
irritating vapours, having a peculiar odour and often condensing in 
white needles; and leaves no residue when gently heated and in small 
quantities. (Baup.) The acid is inodorous, but has a very sour taste. 
(Baup, Crasso.) 
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Crystals dried at 100°. Crasso. 

10 C . 60 .... 46*15 46*72 

6 H. 6 .... 4*62 4*67 

8 0 . 64 . 49*23 ... . 48*61 

C 10 H 6 O 8 u . 130 .... 100*00 100*00 

Decomposition. Itaconic acid Heated to the boiling point distils over 
completely in the form of anhydrous citraconic acid, and a supernatant 
laytr of water. (Crasso.) 

Combinations. The crystals dissolve in 17 pts. of water at 10°, in 
12 pts. at 20°, and much more abundantly in hot water. (Baup.) 

Itaconate of Ammonia. — a. Neutral. — Does not crystallise; gives 
off ammonia when its solution is evaporated. — h. Acid. — Crystallises 
from the concentrated solution at 20°, in transparent tables and prisms 
= KH 3 ,C 10 H 6 0 8 j which are permanent in the air and dissolve in 1| pt. 
water at 12°,—and from a more dilute solution in the cold, in biliy- 
drated needles = NH 3 ,C 10 H 6 O 8 , -f 2Aq, which on exposure to the air 
quickly effloresce from loss of 2 At. water. (Baup ) 

Itaconate of Potash.— a. Neutral. — Unerystallisable, deliques¬ 
cent, insoluble in alcohol. (Baup.) — b. Acid. — Small prisms permanent 
in the air. (Baup.) The air-dried crystals give off 7 08 p. c. water at 
100°, and the residue contains 28*06 p. c. potash. (Crasso.) 

Itaconate of Soda.— a. Neutral. — Deliquescent. (Baup.) — b. Acid. 

— Opaque, very soluble, fibrous crystals. (Baup.) 

Itaconate of Baryta. — a. Neutral. — Crystalline crusts more 
soluble than the lime-salt. (Baup.) The aqueous acid saturated with 
carbonate of baryta yields by evaporation long delicate needles united 
in stellate groups, which do not give off any water at 100°, contain at 
that temperature 54*9*2 per cent, of baryta (therefore = C 10 H 4 Ba 2 O 8 , 2 Aq.) 
and swell up slightly at a stronger heat. (Crasso.) — b. Acid . — Small 
rhombic tables, with the obtuse summits rounded; = C 10 R 5 BaO 8 , Aq.; 
they dissolve easily in water, especially wheu hot. (Baup.) Indistinct 
crystals. (Crasso.) 

Itaconate of Strontia. — a. Neutral. —Crystalline crusts composed 
of needles, soluble in a few parts of water. (Baup.) Delicate needles, 
exactly resembling the baryta-salt, and not giving off water at 100°; 
they contain 45*69 p. c. strontia (therefore C 10 H 4 Sr 3 O 8 , 2 Aq.). (Crasso.) 

— b. A cicl. — Laminae permanent in the air, easily soluble in water. 
(Baup.) 

Itaconate of Lime. — a. Neutral. — Needles growing into one 
another, = C 10 H 4 Ca 2 O 8 , 2Aq., soluble in 45 pts. of water at 18°, not 

more abundantly in hot water, and quite insoluble in alcohol. (Baup.)_ 

b. Acid. — Small laminae, permanent in the air, = C 10 H 5 CaO 8 , 2 Aq. 
Soluble in 13 pts. of water at 12°. (§aup.) 

Itaconate of Magnesia. — a. Bibasic. — Gummy. — b. Acid . _ 

Very soluble shining laminae. (Baup.) 
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Manganous Itaconate. — Rose-coloured crystalline crusts very 
soluble in water. (Baup.) 

Itaconate of Lead. — Tbe free acid precipitates both neutral and 
basic acetate of lead; the alkali-salts precipitate nitrate of lead when 
added in equivalent proportion, but the precipitate disappears if either 
salt is added in excess. White powder = C 10 H 4 Pb 2 O 8 , 2 Aq. (Baup.) 

Ferric Itaconate. — The free acid imparts a reddish colour to 
ferric salts, and its alkali-salts form a red precipitate therewith. (Baup.) 

Itaconate of Nickel. — Pale bluish-green powder, very soluble in 
water. (Baup.) 

Cupric Itaconate. — Very slender, greenish-blue, sparingly soluble 
needles. (Baup.) 

Mercurous Itaconate. — Alkaline itaconates form a white preci¬ 
pitate with mercurous nitrate. (Baup.) 

Itaconate of Silver. — Alkaline itaconates form a white crystal¬ 
line powder with nitrate of silver. (Baup) The free acid does not 
precipitate the solution of nitrate of silver; the white powder obtained 
on adding a small quantity of ammonia burns with a kind of explosion 
when heated, and throws out vermicular shoots. Dissolves readily in 
ammonia and very sparingly in hot water. (Crasso.) 


Dried at 100°. Baup. Crasso. 

10C. 60 .. 17-44 ... 17*49 ... 17-57 

4 H ... . 4 . 1-16 .. 1*24 . 1-22 

2 Ag . 216 . 62-79 .. .. 62*73 . 62*36 

8 0 .. . 64 18-63 . 18*54 .. 18-85 


C 10 H 4 Ag 2 O s . 344 .... 100*00 . 100*00 . 100*00 


Tf. Itaoonie acid does not appear to form an add silver-salt. According to Gott¬ 
lieb {Ann. Pharm . 77, 268), tlie neutral salt dissolves but very sparingly when boiled 
with aqueous lfcaconic acid, and the liquid then deposits a mixture of hydrated itaconic 
acid with a small quantity of the neutral salt. Gottlieb thence concludes that itaconic 
acid is monobasic, and its formula C 5 H 3 G 4 . Gerhardt on the other hand ( Compt . chim. 
1851, 120,) does not think that there are sufficient grounds for this opinion. Wurtz 
also {N. J. Pharm. 19, 479,) regards itaconic add as hibasic. The existence of the 
neutral and acid salts of baryta, strontia, lime, &c., (p. 426) is certainly in favour of 
this view. "O’. 

Itaconic acid dissolves in 4 pts. of alcohol and in ether. (Baup.) 


% 2. Mesaeonic Acid. 

C 8 H 6 0 8 = C 8 H G 0 2 ,0 6 . 

Gottlieb. 1851. Ann. Pharm. 77, 268. 

Peral. Ann. Pharm. 78, 129. 

Baup. N. Ann. Ch ?n. Phys. S3, 192; Ann. Pharm. 81, 96. 

Citracartic acid. (Baup.) 

Formation and Preparation. By the action of dilute nitric acid 
(Scheidewasser) on aqueous citraconic acid, (vid. p. 419). —. in this 
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reaction, the greater portion of the citraconic acid is not decomposed, but merely under¬ 
goes an isomeric transformation, the only products foimed besides mesaconic acid, 
being oxalic acid and the yellow nitro-compound already mentioned, both of which 
occur in small quantity only. The nitro-compound appears to be a substitution-pro¬ 
duct of citraconic acid, inasmuch as a perfectly similar substance is formed by passing 
hyponitric acid into a concentrated solution of citraconic acid, its formation in this 
case not being accompanied by that of mesaconic acid. The formation of mesaconic 
from citraconic acid appears to be analogous to that of elaidie from oleic acid (q. v.) 
Itaconic acid treated with dilute nitric acid, does not yield mesaconic acid. (Gottlieb.) 
— Baup uses nitric acid diluted with four times its weight of water. 

Properties. — Slender crystalline needles, having a faint lustre. 
(Gottlieb.) When crystallised from alcohol, it forms transparent flat¬ 
tened prisms. (Baup.) Crystallises by slow cooling from a hot saturated 
aqueous solution, in very slender needles, having a silky lustre; an 
alcoholic solution boiled and evaporated to dryness over the water-bath, 
yields the acid in brownish scales, the colour arising probably from a 
superficial decomposition. (Pebal.) Tastes barsh and sour. (Gottlieb ) 
Melts at 208 ° to a clear liquid, and when heated a few degrees above 
that point, sublimes without decompositiou iu crystals, (Gottlieb); sub¬ 
limes before fusion. (Baup.) The fused acid solidifies in a crystalline 
mass on cooling. The vapour is pungent and excites coughing. The 
solutions redden litmus strongly, and decompose carbonates. (Gottlieb.) 

Dried at 100°. Gottlieb. 


10 C . GO . . 46-15 45-73 45*77 

6 H . 6 . .. 4'61 4*61 . 4*57 

8 O . 64 .... 49-24 49*66 . 49*66 


C 10 H 6 O 3 . 130 . 100*00 . 100-00 .... 100*00 

Pebal. 

Dried at 100°. a. b. 


IOC . 60 46*15 ... 45*80 . 45*96 .. 45*41 

6 H . 6 .. . 4*61 4*66 .... 4*65 

8 O . 64 . . 49*24 49*38 . 49*94 


C 10 H 6 O s . . 130 . 100*00 . . . 100-00 100*00 

Isomeric with citraconic and itaconic acids; Pebal* s acid a was crystallised from 
hot water , b was sublimed and dried at 150°. 

Decomposition . Mesaconic acid heated in a platinum spoon and set 
on fire, burns with a blue flame, and without leaving any carbonaceous 
residue. (Baup.) 

Combinations. The acid dissolves sparingly in cold, abundantly in 
hot water (Gottlieb), in 38 pts. water at 14°, and in 29 pts. water at 
22° (Baup), in 14 29 pts. at 18*2°, and in 0*85 pts. at 100° (Pebal). 

The acid is bibasic, forming neutral salts = C 10 H 4 M 2 O 8 , and acid 
salts = C 10 H 5 MO 8 . 

Mesaconate op Ammonia. — a. Neutral . — Does not crystallise. 
(Baup.) — b. Acid . — Very small prisms, with triangular summits, 
soluble in 8 pts. of water at 15°. (Baup.) On boiling a solution of the 
acid neutralised with ammonia, an evolution of ammonia takes place; and 
from the concentrated solution, the acid salt separates in crystalline 
geodes, which dissolve very readily in water. (Pebal.) 
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10 c ... . 

Dried at 100°. 
. 60 . 

40*81 . 

Pebal. 

40*66 

N ... 

. 14 . 

9*54 


9 H 

. 9 

6 12 

. . 6-10 

8 O 

.64 

43*53 



C 10 H 5 (NH 4 )O 8 . 147 .... 100-00 


Baup, by neutralising the acid with ammonia, obtained for the atomic weight of 
this salt, the numbers 146*3 and 145°. 

Mesaconate of Potash. — The neutral salt, obtained by saturating 
the acid with carbonate of potash, is very soluble in water, somewhat 
less soluble in alcohol, and crystallises from a bigbly concentrated aqueous 
solution after standing for some time in delicate needles, having a silky 
lustre. (Pebal.) It is very deliquescent. (Baup.) The acid salt crys¬ 
tallises in small micaceous laminae, dissolves readily in water, less readily 
in alcohol. (Baup.) 

Mesaconate of Soda. — The neutral salt, prepared like tbe potash- 
salt, is also very soluble in water, and crystallises in small very short 
prisms, with truncated summits. (Pebal.) Baup did not obtain it in the 
crystalline form. The acid salt crystallises in small rhombic prisms, 
which do not alter by exposure to the air. (Baup.) 

Mesaconate of Baryta. — a. Neutral. — Obtained by saturating a 
boiling solution of the acid with carbonate of baryta. Separates from 
concentrated solutions by spontaneous evaporation, in crystals belonging 
to the oblique prismatic system, having a vitreous and somewhat fatty 
lustre. (Pebal.) Forms transparent, compressed, four-sided prisms, or 
tables, which do not alter by exposure to the air, or only effloresce in 
very dry air, or when they are slightly warmed; they then recover their 
water of crystallisation on exposure to the air. At a higher tempera¬ 
ture, the salt decomposes, swelling up to five times its original bulk. 
(Baup.) The crystals give off the greater part of their water at 100°, 
becoming partially opaque, and the whole at 130°. (Pebal.) 


Anhydrous , dried at 130° 


Pebal. 

2 BaO 

153*2 

57*75 ... 

. 58*00 . 57*35 

10 c . 

. 60*0 .... 

22*63 .. 

. . 22-29 

4 H. 

.. 4*0 

1*51 . 

.. . . 1*70 

6 0 

. 48*0 . 

18*11 . 

18*01 

C 10 H 4 Ba 2 G s 

. 265*2 

100*00 .. 

100*00 




Baup. Pebal. 

2 BaO .. .. 


153-2 .. 

. 45 59 

C^fFO 6 . .. 

. 

112*0 


8 HO 

. 

72-0 

21*18 . 21-19 


C 10 H 4 Ba 2 Q 8 + 8Aq. 337*2 


b. Acid. — By saturating one-balf of an aqueous solution of the acid 
with carbonate of baryta, then adding the other half, decolorising with 
animal charcoal, and concentrating the liquid, the acid salt is obtained, 
either in crystalline nodules or in nacreous six-sided tables, sometimes, 
however, assuming the prismatic form by elongation in one direction. 
The purification of this salt is attended with considerable difficulty, as a 
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portion of the free acid adheres obstinately to the crystals, and cannot 
be completely removed by recrystallisation. Alcohol, either cold or 
boiling, decomposes the salt into the neutral salt and free acid. (Pebal.) 
Small crystals permanent in the air. (Baup.) The crystals give off their 
water, amounting to 6*35 p. c. (If At.), at 140°. (Pebal.) 


Tabular crystals, dried at 140°, 


Pebal- 

BaO . 

.. 76*6 .... 

38-74 . 

. 38*08 

10 c . 

. 60*0 .... 

30-38 . 

. 30*65 

5 H . 

... 5*0 .... 

2*53 . ... 

. 2*89 

7 0 . 

... 56*0 . . 

28*35 . 

. 28*38 

C“H 5 BaO s . 

... 197*6 .... 

100*00 . 

, 100*00 

Tabular crystals, air-dried. 


Pebal- 

2 BaO. 

, 153*2 .... 

36*27 . 

. 36*51 

20 C . 

. 120*0 .... 

28*43 . 

. 28 60 

13 H. 

. 13*0 

3*08 . 

. 3*33 

17 0 . 

136*0 . .. 

32*22 .... 

31 56 

2C I0 H 3 BaO s + 3Aq. 

422*2 ... 

100 00 . 

. 100*00 

)r: 



Pebal. 

2 C 10 H 5 BaO s . 

. 395*2 

. . 93*6 


3 HO. 

. 27*0 

... 6*4 

... 6*4 


2C 10 H 5 BaO s + SAq 422*0 .. 100*0 


Baup found the crystals of the acid salt to contain 36*71 p. c. baryta, 
whence he deduces the formula C 10 H 5 Ba0 8 -f2Aq. which requires 37*07 
BaO. 

Mesaconate of Lime. — Very small needle-shaped crystals, aggre¬ 
gated in white fibrous crusts. Give off their water at a somewhat elevated 
temperature, and recover it on exposure to the air. Swell np when 
decomposed hy heat, but not so much as the baryta-salt. Soluble in 
*16f pts. of water at 20°; insoluble in alcohol. (Baup.) 

Crystals. Pebal. 

2 CaO . 56 ... 30*11 . 30*13 

C 10 H 4 Q 6 . 112 .... 60*21 

2 HO. 18 . 9 68 

C 10 H 4 Ca-O s + 2Aq. 186 ...100*00 

Mesaconate of Lead. — a. Basic. — 4PbO, C 10 H 4 O 6 + 6 Aq? — 
2PbO,C 10 H 4 Pb 2 O 8 + 6Aq] — Tribasic acetate of lead added to a solution 
of a neutral mesaconate, forms a fiocculent or pulverulent precipitate, 
which diminishes in hulk considerably after a while, gives off 6 p. c. 
water when heated, and then turns yellow. Gives by analysis 72*35 p. c. 
PbO, the above formula requiring 72*96. (Baup.) 

b. Neutral. — A solution of a neutral mesaconate forms, with neutral 
acetate of lead, a curdy precipitate, which gradually changes to small 
crystals; when the solutions used are very dilute, the neutral salt sepa¬ 
rates slowly in small transparent prisms. (Baup.). — Neutral mesaconate 
of ammonia or baryta forms, with lead-salts at ordinary temperatures, a 
white crystalline precipitate, and at a boiling heat a resinous viscid mass 
which becomes hard and brittle on cooling; from the supernatant 
liquid the neutral salt crystallises in short needles. The precipitate (a) 
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obtained'from cold solutions, and dried in the air at ordinary tempera¬ 
tures, gives off 7*24 to 7 86 p. c. (3 At.) water at 130°; after washing 


with hot water, it gives 

off at the same 

temperature 

only 5*63 to 6*12 

p. c. (2 At.) water. (Pebal.) 




Dried at 130°. 


Pebal. 

10 c . 

. 60 . . 

17-86 . 

17*44 

4 H. 

. 4 .... 

1-19 . 

1-28 

2 Pb. 

. 208 . . 

61-90 . 

61'75 

8 0 . 

. 64 

19-05 . 

19-53 

C 10 H 4 Pb 2 O 3 ... 

. 336 .... 

100-00 . 

100*00 

Or: 



Baup. 

2 PbO. 

.. 224 

.... 66*67 .... 

66-73 

C 10 H 4 O 6 .. . 

. 112 



C 10 H 4 Pb 2 O 8 

336 




Hydrated salt (a). 


Pebal. 

C w H 4 Pb 5 O s 

. 336 

.... 92-56 


3 HO 

. 27 

7-44 .. 

. 7*41 

C 10 H 4 Pb 2 O 8 ,3Aq... - 363 

.... 100*00 


Hydrated salt (/3). 


Pebul. 

C 10 H 4 Pb 2 O s 

. 336 .. 

.. 94*92 


2 HO. 

. 18 . 

. 5-08 . 

. 5*87 

c i°H 4 Pb-0 8 ,2Aq. 354 

100*00 


Bauo found the crystals to give off 7 ‘9 to 1 

8*2 p. c. water in drying; a quantity 

somewhat too great for the 

; terhydrated salt («), the excess being probably due to 


efflorescence. 


c. Acid. — Crystallises in small colourless needles from a solution of 
the neutral salt in boiling aqueous mesaconic acid, an excess of which 
must be avoided. (Pebal.) It is also obtained by adding acetate of lead 
to a solution of mesaconic acid: it then separates, more or less quickly, 
according to the strength of the solution, in small prismatic crystals, 
acuminated at the ends. (Baup.) Gives off a mere trace of water at 
100°. (Pebal.) Swells up and decomposes when more strongly heated. 
(Baup.' 


*/ 

Dried at 100°. 


Pebal. 


10 c . 

.. .. 60 

... 25-77 .... 

.. 25-87 


5 H . 

.. 5 ., 

... 2*15 



Pb. 

104 . 

. 44-58 . 

44-68 


8 0 

64 . 

... 27*50 


)r: 

C I0 H 3 PbO s . .. . 

. .. 233 . 

. 100-00 

Baup. 

PbO . 

... 112 . 

... 48-07 .. 

.. 47*90 


C 10 H 4 O 6 . 

. 112 . 

... 48-07 



HO. 

9 . 

... 3*86 



PbO,HO,C I0 H 4 O« .. . 

... 233 

... 100-00 



From a solution of mquichloride of iron , mesaconic acid throws down red flakes. 
(Baup.) 


Cupric Mesa con ate. — A mixture of cupric acetate and mesaconic 
acid yields, more or less quickly, according to the degree of concentration, 
very small granular crystals of a deep sky-blue colour. (Baup.) 
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Air-dried. Baup, 

2 CuO. 80 ... 35*09 . 34*80 .... 35*03 

C 10 H 4 O 6 . 112 ... 49*12 

4 HO . 36 . . 15.79 15*53 


C 30 Il 4 C\rO s + 4 Aq. ..228 .. 100*00 

On mixing the solution of a neutral mesaconate with cupric sulphate or acetate, 
there is obtained, besides the neutral salt just described, a basic salt, which effloresces 
rapidly on exposure to the air. (Baup.) 

Mercurous nitrate forms a white precipitate with aqueous mesaconic acid. (Baup.) 

Mercuric chloride forms a precipitate with soluble mesaconates. (Baup.) 

Mesaconate op Silver. — a. Neutral. — a. Anhydrous . — Obtained 
by adding nitrate of silver to a solution of mesaconic acid exactly 
neutralised with ammonia (Gottlieb, Pebal); or by mixing a dilute 
solution of baryta with nitrate of silver. (Pebal.) Heavy, white crys¬ 
talline precipitate, which is not altered by exposure to light, or by 
beating to 100°. (Gottlieb.) Curdy precipitate, which soon subsides in 
the form of a granular powder consisting of microscopic crystals. 
Sparingly soluble in water, more soluble in the mother-liquor. When 
treated with hot water, especially if exposed to light, it assumes a reddish 
tint. (Pebal.) When somewhat suddenly heated, it is decomposed with 
violence, throwing out vermicular shoots of metallic silver, like the 
itaconate under similar circumstances. (Gottlieb, Pebal.) 



Dried at 100°. 


Gottlieb. 

Pebal. 


10 c . 

. 60 . 

... 17*44 

.. . 17*72 .. 

17*33 .... 

17*28 

4 H . 

. 4 . 

... 1*17 ... 

. .. 1*24 . 

.. 1*43 .... 

1*18 

2 Ag. 

. 20S 

62*79 .. 

. 62*49 

.. 62*80 


8 0 .. 

64 . 

. 18 60 

.. 18 55 

. 18*44 


C u H 4 Ag 2 0 3 ... 

. 336 . 

.. 100*00 

.. 100*00 . 

. 100*00 



[3. Hydrated. — C 10 H 4 Ag 2 O s +2Aq.— On adding nitrate of silver to 
neutral mesaconate of soda., filtering from the resulting precipitate of 
anhydrous salt, and mixing the filtrate with alcohol, a very bulky trans¬ 
lucent precipitate is obtained, which does not subside in the granular 
form, even after long standing, and when separated from the mother- 
liquor, dries up to an amorphous mass. This salt washed with alcohol, 
pressed between bibulous paper, and dried over oil of vitriol, gave by 
ignition, 60*23 p. c. silver, agreeing nearly with the above formula, which 
requires 59*70 p. c. (Pebal.) 

b. Acid. — Obtained by dissolving the neutral silver-salt in boiling 
aqueous mesaconic acid, avoiding an excess of the acid, as it would 
adhere to the crystals which separate from the cooling solution. The 
salt does not become coloured by exposure to light; when heated, it 
behaves like the neutral salt. Dissolves pretty easily in hot water. 
Gives off but a trace of water at 100°. (Pebal) 


Dried at 100 c 



Pebal. 

10 C. 

60 

23*30 . . 

25*03 

5 H. 

5 

. 2*11 . 

2*24 

Ag . 

108 

. 45*61 

. 45*59 

8 0 . 

64 . 

. 26*98 .. 

.. 27*14 

C 10 H 5 AgO 8 . 

237 . 

.. 100*00 .. 

.... 100*00 
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Conjugated Compound of Mesaconic Acid . 

Mesaconic Ether. 

C 18 H u 0 8 = 2C 4 H 5 O,C 10 H 4 O 8 . 


PebaL. Ann . Pharm. 78, 145. 


Formation and Preparation . 1 . By distilling mesaconic acid -with 

sulphuric acid and alcohol of 90 per cent., the quantities of the two latter 
being twice as great as should be required, according to calculation, to 
convert the whole of the mesaconic acid into mesaconic ether, and the dis¬ 
tillation being continued till the residue begins to blacken. The distillate 
thus obtained consists of common ether mixed with mesaconic ether the 
proportion of the latter being, however, but small. A fresh quantity of 
alcohol is therefore added to the liquid in the retort, the mixture again 
distilled, and these operations repeated as long as mesaconic ether con¬ 
tinues to form. The crude product thus obtained is purified by heating 
it in the water-bath to expel the vinic ether, distilling the residue with 
water, treating the new distillate with carbonate of soda to remove free 
acid, then washing with water, and drying with chloride of calcium. — 
2. By passing hydrochloric acid gas into an alcoholic solution of mesa¬ 
conic acid; a portion of the latter always, however, remains unacted 
upon. 


Properties, Colourless mobile liquid, having an agreeable 
odour and bitter taste. Sp. gr. 1 043 at 20°. Boils constantly at 
from platinum, at 737 mm. bar., and distils without decomposition. Does 
not redden litmus. 



18 C. 

. 108 . 

... 58*06 .... 

Pebal. 
. 57-85 

14 H. 

. 14 

... 7*53 .... 

7*52 

8 0. 

. 64 

... 34*41 .... 

. 34*63 

C 18 H u 0 8 . 

. 186 . 

... 100*00 ... 

..... 100*00 


Decomposition. Mesaconic ether is decomposed by baryta-water, 
with formation of mesaconate of baryta. Ammoniacal gas has no action 
upon it. 

Combinations. The ether dissolves sparingly in cold, somewhat more 
readily in hot water , from which it separates on cooling, rendering the 
liquid milky. Mixes in all proportions with alcohol and vinic ether . 
(Pebal.) 

An attempt to prepare mesaconOvinic acid was not successful, 


2 F 


\*ol. 3L 
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3. Lipic Acid. 

C 10 H R O 8 = C 10 R 6 O 2 ,O 6 . 

Laurent. (1837.) Ann. Qhim. JBhys . 66, 169. —Jievue Scientif. 10, 125; 
also J. pr. Gherti. 27, 316. 

Preparation . 1 pt. of oleic acid is boiled with 1 pt. of concentrated 

nitric acid for 12 hours, with cohobation; the watery liquid in the retort 
separated from the oily portion; the latter again boiled with fresh nitric 
acid, as above; the acid liquid again separated from the oil, &c., so that, 
after 12 hours’ boiling of the oily liquid with nitric acid, the operation 
has been repeated seven times, and 7 pts. in all of nitric acid have been 
used. The watery acid liquids separated after the several boilings are 
then united; the whole evaporated down to one-fourth, and cooled till the 
suberic acid solidifies, mixed with azelaic acid and a peculiar oil; the 
solidified matter separated from the acid mother-liquor, and washed with 
cold water; and these liquids further evaporated and frequently cooled 
to separate more suberic acid; they then yield, by still further evapo¬ 
ration and three days’ cooling, a crystalline mass of pimelic acid , rougher 
to the touch, and consisting of harder grains, which product is freed from 
the acid motlier-liquor and washed with cold water. This last mother- 
liquor is evaporated at a very gentle heat (so that no decomposition or 
blackening may occur) to expel the greater part of the nitric acid; set 
aside for two or three days after each evaporation; separated from the 
resulting brownish crystalline mixture of lipic and adipic acid; and, 
together with the cold wash-water of the latter, carefully evaporated and 
set aside in the cold, as long as it deposits crystals. (An acid not yet 
examined remains in solution.) These brownish crystals are dried, and 
dissolved in ether; the solution filtered from a brown substance, left to 
evaporate to one-half, and decanted from the resulting crystals of adipic acid, 
which may be purified by two or three crystallisations from hot alcohol 
and tben separate in warty granules; and the ethereal mother-liquor left 
to evaporate: it then yields crystals of lipic acid, which, when purified 
in a similar manner by recrystallisation from alcohol, is obtained in 
somewhat elongated laminas. (Laurent.) — Caprylic alcohol is converted, 
by the continued action of nitric acid, into butyric, succinic, pimelic, and 
lipic acid. (Bouis, Gompt. rend . 33, 14L) 

Properties. The acid crystallised from alcohol, and still retaining 
2 At. water, forms longish lamince, terminated by two lines inclined to 
one another at an obtuse angle. When the acid is heated on glass till it 
partly fuses, it solidifies in a fibrous mass on cooling. By rapid heating, 
it may be distilled without alteration, or sublimed in beautiful six-sided 
needles. But when slowly heated, it gives off water, and distils over as 
anhydrous acid, which does not melt below 140° to 145°. The vapours 
of the acid strongly excite coughing. 

Dehydrated by slow distillation . Laurent. 

10 C. 60 46*15 46’59 

6 H . 6 4*62 4*39 

8 0 . 64 49*23 49*02 

C u H 6 O s ...,. 130 .... 100*00 . 100*00 
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Crystals. Laurent. 

IOC . 60 .... 40-54 .. 41*15 

8 H . 8 .. 5*41 . 5*50 

10 O . 80 .... 54-05 . 53-35 


C 10 H 6 O 8 + 2Aq. 148 .... 100-00 . 100*00 

__;» :u -_ i ...__i 


Combinations. The acid dissolves in cold water more readily than 
adipic or pimelic acid. 

The anhydrous Lipates yield, when heated with oil of vitriol, an 
acicular sublimate of lipic acid. 

The Ammonia-salt crystallises in long needles. 

Its aqueous solution forms after a while with chloride of barium, 
square prisms of the Baryta-salt, which change to oetohedrons and 
continue to increase for 24 hours. —With chloride of strontium, it forms 
crystalline groups resembling crowns; and with chloride of calcium, after 
a while, small square prisms. It precipitates the salts of iron, copper, 
and silver , but not those of magnesium or manganese. 


Baryta-salt dried in vacuo at 140°. Laurent. 


2 BaO . 

10 C. 

4 H. 

8 O. 

.... 153*2 

. 60-0 

. 4*0 .. 

. 64*0 .. 

57*77 ... 
.. 22*62 
.. 1*51 

. 18*10 

. 57-7 

C 10 H 4 £a 2 O 3 . 

. 265*2 .. 

. 100*00 



Silver-salt* 


Laurent. 

10C. 

. 60 ... 

„ 17*44 


4 H . 

. 4 ... 

. 1*16* 


2Ag . 

. 216 ... 

,. 62*80 .. 

.... 62*9 

8 O . 

. 64 .. 

. 18*60 



C 10 H 4 Ag 2 O 8 . 344 .... 100*00 


Lipic acid dissolves in alcohol and ether,. (Laurent.) 
Compare Bromeis. {Ann. Pharm. 35, 108,) 


b. Oxygen-nucleus. C 10 H 4 O 4 . 


Citraconic Anhydride. 

C 10 H 4 O 6 =C 10 H‘O 4 ,O 2 ? 

IIobiquet. Ann. Chim. Phys. 65, 78. 

Crasso. Ann. Pharm . 34, 68. 

Anhydrous Citraconic acid ,, wasserfreie Citracomdure , Acide pyrocitrique anhydre. 

Forrnation and Preparation. 1. In the dry distillation of citric acid^ 
an aqueous solution of citraconic acid first passes over, then the impure 
anhydride, in the form of a heavy yellow or greenish-yellow oily liquid, 
which if the distillate has been carried too far, is contaminated with a 
; 2 f 2 
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small quantity of cmpyreuniatic oil, and in that case lias an odour 
like that of rock-oik (Lassaigne, Robiquet.) When the crude oil is 
distilled in ihe water-bath, the pure anhydride gradually distils over. 
(Rohiquct.) There then remains a brown oil mixed with crystals of the 
acid; and this oil, distilled for several days in the water-bath, yields a 
distillate [probably water mixed with the anhydride] which changes after 
a while to colourless crystals; and in the retort there remains an oil 
[probably impure anhydride] which solidifies below 0° in a laminated 
mass, melts above 0°, has a burning taste, and is converted by 
exposure to the air into the crystallised acid. (Robiquet.) The crude 
oil is resolved by heat into a watery and an oily layer; and the latter, 
when rectified per $e, yiqlds first water, then at 200° a milky distillate, 
and when the receiver is changed, the clear oily anhydride. (Crasso.) — 
2. Crystallised citraconic acid may be completely converted by heat 
into water and the oily anhydride, which pass over one after the other. 
(Crasso.) 

Properties. Thin colourless oil (pale yellow, according to Robiquet), 
of sp. gr. 1*241 at 14°. (Crasso.) The crude oil has a density of 1*30. 
(Robiquet.) Remains liquid even in vacuo over oil of vitriol. Boils at 
150° (Robiquet), at 212° (Crasso), but volatilises even at 90°. (Crasso.) 
It is ii' arly inodorous, and has a very sour and burning taste, like that 
of a volatile oil (Robiquet); it is inodorous and has a caustic, sour, 
and rough taste (Crasso); scarcely reddens thoroughly dried litmus paper, 
but reddens the moistened paper strongly. (Robiquet.) 

Robiquet. Crasso. 

10 C . 60 .... 53*57 . 53*17 .... 54*24 

4 H . 4 .... 3 57 .... 3*69 ... 3*67 

6 O . 48 .... 42*86 . . 43*14 .... 42*09 

C 10 H 4 O 6 . 112 .... 100*00 . 100*00 .... 100*00 

Decompositions. 1. The anhydride leaves a black residue when too 
rapidly distilled. (Crasso.) — 2. When shaken np with water, it distils 
slowly in the form of citraconic acid, which crystallises on evaporation; 
the unaltered portion settles down in oily drop3 every time the vessel is 
shaken, but after repeated treatment with water, finally disappears 
altogether. On exposure to moist air also, the anhydride is gradually 
converted into the crystallised acid, which then deliquesces. (Robiquet, 
Crasso.) The anhydride, in passing to the state of the crystallised acid, 
increases by 13*21 p. c. (Robiquet.) [100 :113*21 = 112 (1 At. anhy¬ 
dride) : 126*S (1 At. citraconic acid weighs 130).] * 


Citraconamide. C 10 NH 5 O 2 ,O 2 + 2Aq.? 

Citraconic anhydride heated in a stream of dry ammoniacal gas 
becomes heated; absorbs a large quantity of the gas; becomes covered at 
first with a coriaceous skin; then solidifies entirely in the form of a 
yellowish solid body; and is finally converted, with further absorption 
of ammonia, into a yellow viscid mass, which becomes brittle and glassy 
on cooling. This mass deliquesces in moist air, dissolves very abundantly 
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in water and readily in alcohol. The aqueous solution yields by evapo¬ 
ration crystals of acid citraconate of ammonia. (Crasso.) 


10 c. 

. 60 .. 

... 46*51 .... 

Crasso. 
. 47*57 

N . 

. 14 .. 

... 10*85 .... 

, .. 11*60 

7 H . 

. 7 

... 5-43 .. , 

5*58 

6 0. 

. 48 . 

. 37*21 .... 

. 35-25 

€ 10 NH 7 O 6 . 


... 100 00 

. 100*00 


% Citraconimide. C 10 NH 5 O 4 . 

Pormed by the action of heat on acid citraconate of ammonia : 

C 10 H 5 (NH 4 )O s - 4HO = C 10 NH s O 4 . 

When citraconic dTcid is mixed with excess of ammonia and evapo¬ 
rated to dryness in the water-bath, there remains a mixture of neutral 
and acid citraconate of ammonia, which is better adapted for preparing 
the imide than the pure acid salt. When this mixture is gradually 
heated in a retort, ammoniacal water passes over at first; and, as soon as 
the temperature approaches 180°, the liquid, which has become yellow, 
swells up considerably, the evolution of water ceases, and the whole 
solidifies to a tumefied, amber-colored mass of citraconimide, which at a 
higher temperature turns black, melts, and decomposes. 

Citraconimide has a concho'idal fracture; it is tough and difficult to 
pulverize; the powder is white and highly hygroscopic, and does not 
part with the absorbed water till heated to ISO 0 , at which temperature 
it bakes together without fusion; under water it melts at 100°. 

Powder dried at 180°. Gottlieb. 


10 C . 

. 60 . 

... 54*05 ... 

.... 54*18 

N . 

. 14 . 

... 12-61 ... 

. 12-59 

5 H . 

. 5 . 

... 4-51 ... 

. 4*66 

4 0 . 

. 32 . 

... 28*83 ... 

.... 28*57 

C 10 NH 5 O 4 . 

. Ill . 

... 100*00 ... 

. 100*00 


Citraconimide is insoluble in cold water , but is dissolved by boiling 
water, the excess melting to a viscid liquid, while the greater portion 
separates, as the liquid cools, in small drops which afterwards solidify. 
It likewise dissolves to a certain extent in alcohol , and with similar 
phenomena. (Gottlieb, Ann . Fharm. 77, 274.) 

Citraconamic acid . — C 10 NH 7 O 6 . — Citraconimide dissolves in boiling 
aqueous ammonia and does not separate out on cooling. The solution 
doubtless contains citraconamic acid in combination with ammonia; the 
process does not however yield the acid in a state of purity, as its salts do 
not crystallise, and the conversion of the citraconimide into tne ammonia- 
salt does not appear to be complete. — The baryta-salt of citraconamic 
acid is soluble in water, and is precipitated fiom the aqueous solution in 
yellow flakes by alcohol. While moist, it fuses readily at a gentle heat, 
but in the dry state it remains solid at 100°. — The lead and silver salts 
have the consistence of plaster while moist, and likewise melt when 
hot, but in the dry state they are as infusible as the baryta-salt. All 
these three salts have a yellow colour. (Gottlieb.) 
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Itaconic acid does not appear to form a compound analogous to citraconimide. 
When itaconate of ammonia is heated to 170°, a brownish mass is obtained resembling 
caramel in appearance, having a sour and bitter taste, more soluble in water than 
citraconimide, and forming a very soluble salt with, ammonia. This compound is 
probably itaconamic acid; but its salts are extremely difficult to purify. (Gottlieb.) 


f. Cliloropyrocitryl. CW,CP. 

Obtained by the action of pentaehloride of phosphorus on anhydrous 
citraconic acid : 

C 10 H 4 O 4 ,O 2 + PCI 5 = C 10 H 4 O 4 ,Cl 2 + PCPO 2 . 

When the rectified liquid product of the dry distillation of citric acid is 
poured upon pentaehloride of phosphorus, a brisk effervescence is pro¬ 
duced; and the mixture, when distilled, yields, first oxychloride of phos¬ 
phorus, then at about 175°, chloropyrocitryl, mixed, however, with 
anhydrous citraconic acid, which raises its boiling point. It may be purified 
by distilling it two or three times with pentaehloride of phosphorus, 
collecting only the portion which passes over between 175° and 190°, and 
rectifying the product thus obtained. 

Trasparent, colourless, strongly refracting, mobile liquid, which fumes 
in the air, and has an odour like that of damp straw. Sp. gr. about 
1’4 at 15°. Boils at 175°, with slight decomposition. (Gerhardt <fc 
Chiozza.) 

Calculation . 

10C. 60*0 35-97 

4 H. 4-0 2-40 

2 Cl . 70*8 42*45 

4 O . 32*0 19*18 

C 10 H 4 O 2 ,CJ 2 . .. 166*8 .. .. 100*00 

When exposed to a moist atmosphere, it is converted into hydro¬ 
chloric and hydrated citraconic acid. — Becomes strongly heated by 
contact with absolute alcohol; and water added to the mixture, separates 
a heavy liquid, having a fruity odour, and exhibiting the characters of 
citraconic ether. — It also becomes heated by contact with aniline, 
yielding micaceous laminae of itaconanilide. (Gerhardt & Chiozza, Gompt , 
rend . 36, 1050; Ann. Pharm. 87, 294.) IT. 


Pyromeconic Acid. 

C 10 H 4 O 8 =C 10 H 4 O‘O a ? 


Serturner. Gilb. 57, 153. 

HoBiQUET. Ann. Chim. Pkys. 5, 282; also Gilb. 57, 173. —Ann. Ghim. 
Phys. 51, 236; also J. Pharm. 19, 61; also Schw. 67, 382; also 
Ann . Pharm . 5, 90. 

Chotjlant. Gilb . 56, 349. 

JoHr.. Perl. Jahrb. 1819, 156. 

Stenrouse, Phil Mag. J. 24, 128; also Mem . Ghem. Goo. 2, 1; also 
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J. F. Brown. Phil. Mag. J. [4], 4, 161; Ann. Pharm . 84, 32; abstr. 

Chem. jSoc. Qu . J. 6, 78; J. pr. Ckem. 58, 230; Pharm. Centr. 1852, 

945; X. Ann. Chim . PAys. 38, 115; Jahresher. 1852, 489. — Further: 

Ed. Phil. Trans. 21, i, 49; Phil. Mag .«/. [4], 8, 201; Ann. Pharm . 

92, 321; J. pr. Chem. 63, 370; Pharm . 1854, 797; Jahresher. 

1854, 424. 

Discovered by Sertiirner in 1817, but regarded as dentical with 
meconic acid, till Robiquet, in 1833, pointed out the difference. 

Formation . Given off as vapour, when meconic acid (Sertiirner) or 
comenic acid (Robiquet) is heated to 265°—288° (Stenhouse), or when 
acid meconate of copper is heated per se (Stenhouse), or when nieconate 
of baryta is heated with excess of vitrified boracic acid. (Choulant.) 

Preparation. By distilling any of the above-mentioned substances. 
The acid partly sublimes, partly distils over as an oil, which solidifies on 
cooling; towards the end of the distillation, parameconic acid passes 
over. (Stenhouse.) — The meconic acid must be thoroughly dried before 
sublimation, because the watery vapours carry over a large quantity of 
pyromeconic acid; and it must not be heated sufficiently to produce 
empyreumatic oil. (Robiquet.) — The sublimed and distilled pyromeconic 
acid must be freed from empyreumatic oil and acetic acid, by a second 
sublimation at the lowest possible temperature, pressure between paper, 
and repeated crystallisation from hot water or alcohol (Robiquet, Sten¬ 
house), after which the crystals must be quickly dried, because while 
moist they turn red on exposure to the air. (Stenhouse.) Choulant sub¬ 
limes a finely divided mixture of impure meconate of baryta and an 
equal quantity of vitrified boracic acid. Brown prepared the acid by 
distilling impure meconic acid (obtained by twice treating crude meconate 
of lime with hydrochloric acid) at 260° to 315°, and purified the resulting 
oily semifluid sublimate by pressure between paper and sublimation at a 
comparatively low temperature, in a glass cylinder provided with trans- 
erse partitions of filtering paper. 

Properties. As obtained by sublimation: Long slender, transparent 
colourless needles (Sertiirner), and four-sided laminoe, or ramifications 
made up of elongated octohedrons (Robiquet); large transparent tables. 
(Brown.) Crystallised from alcohol: large colourless crystals (Sten¬ 
house); tolerably large four-sided prisms, which are also obtained from 
the aqueous solution. (Brown.) The acid melts at 120° to 125°, forming 
an oil, and by careful heating (at a temperature but little above the 
melting point, according to Wackenroder, X. Pr. Arch . 25, 170), may be 
volatilised without residue, and sublimes in crystals aggregated together 
by incipient fusion. (Robiquet.) Volatilizes gradually but completely at 
100°, provided it is free from parameconic acid. Tastes sour (Sertiirner, 
John, Choulant), then disagreeably bitter. (Choulant.) Reddens litmus 
(Robiquet), pretty strongly (Wackenroder), almost imperceptibly, so that 
a very small quantity of potash gives it an alkaline reaction. (Stenhouse.) 
Has a slight acid reaction, even after being thrice recrystallised from 
water. (Brown.) 

Crystals . Robiquet. Brown. 

10 C . 60 .... 53*57 53*42 . .. 53*23 

4 H . 4 .... 3*57 3*64 .... 3*71 

6 0. 48 . 42*86 42*94 . . 43*06 


C 10 H 4 O 6 


112 .... 100*00 


100*00 .... 100-00 
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Isomeric with pyromucic acid. [The difference may perhaps be explained, if, as 
has here been done, we regard pyromucic acid as a monobasic acid, C 10 H 4 O 2 ,O 4 , and pyro- 
mcconic acid as an aldide C 10 H 4 O 4 ,O 2 . This view is supported by the fact that pyro- 
meconic acid scarcely reddens litmus and does not combine with ammonia or potash, 
whereas pyromucic acid behaves like a strong acid.] — The crystals analysed by Brown 
were once sublimed and dried in vacuo. 

Decompositions . 1 . Pyromeconate of potash behaves with bromine 
like pyromucate of potash. (Oahours, p. 384.) If. Bromine-water is 
quickly absorbed by an excess of the strong aqueous solution of pyro- 
meconic acid, and the resulting solution yields, after a while, crystals of 
bromopyromeconic acid , C 10 H 3 BrO 6 . If the bromine-water is in excess, 
this acid is not formed, and the liquid, when evaporated, turns black, and 
is found to contain oxalic acid. (Brown.) — 2. Chlorine does not form 
any substitution-product with pyromeconic acid, but decomposes it com¬ 
pletely, with formation of oxalic acid and other products. — 3. The acid 
is not acted upon by tincture of Iodine; but with protobromide or proto- 
chloride of. iodine, it yields iodopyromeconic acid (p. 443): 

C 10 H 4 O 6 + IC1 =* C 10 H 3 JO 6 +HC1. 

It appears that the iodine, though capable of taking the place of an atom 
of hydrogen in the acid, has not a sufficiently powerful affinity for the 
hydrogen to abstract it in the form of hydriodic acid, but by combining 
the iodine with bromine or chlorine, whose affinity for hydrogen is stronger, 
the removal of an atom of hydrogen is effected, and the iodine takes its 
place. — With excess of chloride of iodine, pyromeconic acid forms 
iodomecone C 6 H 4 I 8 0 6 (Brown.): 

C 10 H 4 O 6 + 8IC1 + 8HO « C G H 4 I s 0 6 + 4C0 2 + 8HC1. 

4. Crystallised pyromeconic acid, moistened with strong Nitric acid , 
‘becomes white and gelatinous, with evolution of nitrous fumes; and on 
gently heating the mixture, a brisk action takes place, with Jprmation of 
oxalic and hydrocyanic acid, (Brown.) 

Combinations. The acid dissolves readily in water. 

Sulphuric acid has no action upon it in the cold, but dissolves it when 
gently heated, forming a solution from which the pyromeconic acid 
crystallises out unaltered on cooling. (Brown.) 

Pyromeconic acid does not combine with ammonia, potash, or soda. 
The pale yellow mixture which it forms with excess of ammonia, yields, 
when evaporated in vacuo, crystals of the unaltered acid, free from 
ammonia. A solution of the acid in hot alcohol assumes a pale yellow 
colour when mixed with alcoholic potash, and on cooling deposits crystals 
of the acid, which contain but very little potash, and may be freed even 
from this, all hut a trace, by repeated crystallisation. (Stenhouse.) The 
acid requires very little potash to neutralise it, and crystallises from 
the mixture nearly pure. (Robiquet.) A hot aqueous solution of pyro- 
meconic acid, mixed with excess of strong potash-solution, deposits, after 
a while, crystals of the unaltered acid; and similarly with ammonia; in 
both cases the liquid turns black. (Brown.) On the other hand, Choulant and 
John describe crystallisable pyromeconates of ammonia, potash, and soda. 

The acid does not precipitate the salts of baryta, strontia, or lime. 
(Stenhouse.) It forms no precipitate with chloride of barium, chloride 
of calcium, chloride of manganese, or sulphate of magnesia, even on 
addition of a small quantity of ammonia. (Brown.) 



PYROMECONIC ACID. 


441 


*fT. Byromeconate of Baryta. — A warm ammoniacal solution of pyro- 
meconic acid, mixed with acetate of baryta, soon deposits pyromeco- 
nate of baryta in small, colourless, silky needles. In dilute solutions, 
these crystals do not appear till after some time, but increase rapidly 
when they have once^ begun to form. When the solution is evaporated 
in vacuo, the salt is deposited in short prisms of a yellowish colour. It 
is strongly alkaline, like all the pyromeconates, and exhibits, with sesqui- 
chloride of iron, a faint red colour, which becomes more distinct on using 
the crystals instead of the solution. The salt sustains a temperature of 
100° without loss of weight, but burns at a higher temperature, with a 
slight appearance of fire, and without previous fusion. Dissolves in 
40 pts. of water at 15*5°, and is the most soluble of all the earthy salts of 
pyromeconic acid. Slightly soluble in alcohol. (Brown.) 


Washed with alcohol and dried at 100°. 

Brovm* 

BaO . 

.. 76*6 . 

40*59 


10 C . 

. 60*0 . 

... 31-82 . 

. 31*46 

4 H . 

. 4*0 . 

... 2*12 . 

. 2*43 

6 0 . 

. 48*0 

... 25*47 . 

. 25*56 

C 10 H 3 PbO 6 ,Aq. 

. 188*6 . 

... 100*00 . 

. 100*00 


Byrocomenate of Strontia. — When an alcoholic solution of nitrate 
of strontia is mixed with an alcoholic and ammoniacal solution of pyro¬ 
meconic acid, a precipitate is immediately formed, consisting of small 
silky needles, which, by solution in water, are obtained in stellate groups 
having a yellowish colour. The salt obtained by precipitation is colour¬ 
less, slightly soluble in water and alcohol in the cold, more easily at 
higher temperatures, and has a strong alkaline reaction. Dissolves in 
76*9 pts. of water at 20°. Does not lose weight at 100°; does not melt 
at higher temperatures, but burns with a slight explosion. (Brown.) 



Dried at 100°. 


Brown. 

.^1 SrO .. 


.. 31*64 .... 

. 31*49 

IOC . 

... 60 .. 

.. 3662 .... 

. 36*16 

4 H. 


.. 2*44 .... 

.... 2*74 

6 O. 

. 48 .. 

.. 29*30 .... 

. 29*61 


C 10 H 3 SrO 6 ,Aq. 164 .... 100*00 . 100*00 


Byromeconate of Lime. — The solution of hydrate of lime in the 
warm aqueous acid, deposits the lime-salt as it cools in white hard crys¬ 
tals. (Stenhouse.) — The salt is obtained in small, colourless, silky 
needles, by adding an excess of a solution of acetate of lime to an 
ammoniacal solution of pyromeconic acid. Sparingly soluble in boiling 
alcohol, somewhat more readily in water, from which it separates on 
cooling in crystals of considerable size. Dissolves in 322*6 pts. of water 
at 15*5°. (Brown.) 



Dried at 100°. 


Brown. 

CaO . 

... 28 

.. 20*00 .... 

. 20*44 

10 C . 

. 60 

.. 42*85 .... 

..... 42*94 

4 H... 

... 4 ... 

, 2*85 .... 

.... 2*60 

6 0. 

. 48 ... 

34*30 .. 

.. 34*02 

C 10 H 3 CaO c + Aq. 

... 140 .. 

.. 100*00 .... 

..... 100*00 


r Byromeconate of Magnesia. — A warm aqueous solution of pyro¬ 
meconic acid forms, with acetate of magnesia, a white amorphous preci* 





























442, 


LIKENE: OXYGEN-NUCLEUS C w II‘0*. 


pitate insoluble in water and alcohol. Resembles the other pyromeconates, 
(Brown.) 


MgO.. 

10 C . 

3 H. 

5 O . 


Dried at 100°. 




Brown. 

20 .. 

.. 16*26 .... 

.... 16*53 

60 .. 

.. 48*78 ... 

.... 48*37 

3 .. 

.. 2 44 .... 

.... 2*76 

40 .. 

.. 32*52 .... 

.... 32*31 


C 10 H 3 MgO 6 . 123 


100-00 . 100*00 


% 


Fyromeconate of Lead . — The acid does not precipitate neutral 
acetate of lead (Robiquet), or the basic acetate. (Stenhonse). On digest¬ 
ing the aqueous acid with hydrated oxide of lead, the pyromeconate 
separates as the liquid becomes saturated. (Robiquet.) A warm con¬ 
centrated ammoniacal solution of pyromeconic acid, added to neutral 
acetate of lead, instantly throws down a dense crystalline powder, which 
increases rapidly on stirring the liquid. The salt is colourless when 
first precipitated, but soon turns yellow when exposed to bright daylight. 
Does not diminish in weight at 100°, even in three or four hours. The 
crystals require a rather large quantity of hot water to dissolve them; in 
alcohol, whether warm or cold, they are still less soluble. (Brown.) The 
salt is nearly insoluble in water, but dissolves in pyromeconic and acetic 


PbO . 

. 112 . 

... 52*09 .. 

Robiquet. 
. 51*70 .. 

Brown. 
... 52*02 

10 C. 

. 60 . 

. 27*90 .. 

. 28*62 .. 

28*12 

3 H. 

. 3 . 

... 1*40 .. 

. 1*36 .. 

... 1*65 

5 O. 

.. . 40 .. 

,. 18-61 .. 

. 18*32 .. 

... 18*21 

C 10 H 3 PbO G . 

. 215 . 

... 100*00 .. 

. 100*00 .. 

... 100*00 


Ferric Fyromeconate. — Pyromeconic acid imparts a cherry-red colour 
to ferric salts. (Sertiirner.) The colour is not destroyed by boiling, 
and but slowly by chloride of soda. (Wackenroder.) Ferric hydrate, 
boiled with the aqueous acid, combines with it, and forms a brown-red 
powder, which dissolves very sparingly in pure water, but easily in hot 
water slightly acidulated, forming a dark red liquid, which deposits 
small scarlet crystals on cooling. The finest crystals are obtained by 
mixing a boiling and rather dilute solution of pyromeconic acid with 
ferric sulphate, and leaving it to cool very slowly. The crystals are 
brittle, yield a scarlet powder, and dissolve very sparingly in water, 
either cold or hot, forming a reddish yellow solution. (Stenhouse.) The 
salt may be also, and perhaps more conveniently, prepared by adding 
sesquichioride of iron to a hot concentrated aqueous solution of the acid; 
vermillion-coloured crystals are then gradually deposited, which adhere 
closely to the bottom and sides of the vessel. (Brown.) 

Crystals . Stenhouse. Brown. 


Ee-O 3 . 80 .... 20 57 . 20*06 .... 20*21 

30 C. 180 .... 46*27 . 46*80 

9 H .. ... 9 .... 2*31 . 2*43 

15 O. 120 . .. 30*85 . 30*71 


C^H^O 18 . 389 .... 100*00 . 100*00 

Cupric Fyromeconate. — The aqueous acid boiled for a short time 


with excess of hydrated cupric oxide, yields a pale green filtrate, which, 
on cooling, deposits long, slender, emerald-green, very fragile needles, 
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which do not lose weight at 100°, and dissolve very sparingly in boiling 
water, or in alcohol either hot or cold. (Stenhouse.) — Brown prepared 
the salt by mixing ammonio-cupric sulphate with a warm aqueous solu¬ 
tion of pyromeconic acid. 



Crystals . 


Stenhouse. 

Brown. 

CaO.. 

. 40 . 

.. 27'97 ., 

. 27*40 ... 

„ 27*66 

10 C. 

. 60 . 

.. 41*96 ., 

. 42*22 


3 H . 

. 3 ... 

.. 2*10 .. 

. 2*21 


5 0 . 

. 40 .. 

,. 27*97 . 

.... 23*17 


C 10 H 3 CuO 8 .... 

.. 143 .. 

.. 100*00 . 

....... 100*00 



With mercuric chloride, pyromeconic acid forms, after a while, a 
white, amorphous precipitate, which redissolves on boiling. (Brown.) 

Eyromeconate of Silver . — Pyromeconic acid does not precipitate 
nitrate of silver, but reduces part of the metal on boiling. When a 
few drops of ammonia are added to a cold mixture of the acid and the 
silver-solution, a pale yellow gelatinous precipitate is immediately formed, 
which contains 51*8 p. c. (1 At.) silver-oxide; assumes a dark brown 
colour, even in vacuo; burns faintly when heated; and dissolves to a 
certain extent in cold water and alcohol. — Oxide of silver, immersed in 
a cold aqueous solution of the acid, combines with it, and forms a heavy 
salt, which dissolves very sparingly in cold water; decomposes with black 
colouring, even in the cold; and when boiled with water, coats the sides 
of the test-tube with silver, without giving off any gas. (Stenhouse.) 

Pyromeconic acid dissolves in alcohol still more readily than in water. 
(Eobiquet, Stenhouse.) 

It dissolves in ether (John), and in rock-oil. (Ckoulant.) 

It does not form a compound ether when heated with alcohol and 
sulphuric acid. (Stenhouse.) 


^[. c. Iodine-nucleus . C 4 H 3 I0 4 . 

lodopyromeconic Acid. 

C 10 H 3 IO 6 = C 10 H 3 IO 4 ,O*. 


J. F. Brown. Ed. JPhiL Trctns. 21, i. 40; EMI. May. J. 8, 201; Ann . 

Eharm. 92, 321. 

Formation and Ereparation. By the action of protobromide or proto¬ 
chloride of iodine on pyromeconic acid (p. 440). A recently prepared solu¬ 
tion of protochloride of iodine* is mixed with a solution of pyromeconic 
acid saturated in the cold, whereupon the liquid immediately becomes 
decolorised, and deposits a considerable quantity of iodopyromeconic acid 
in the form of thin plates. — If the solution of pyromeconic acid has been satu¬ 
rated while hot, or if the chloride of iodine is in excess, the action goes too far. — 

* The protochloride of iodine is obtained by the action of chlorine gas on iodine 
suspended in a small quantity of water, the liquid being kept cold and the action being 
stopped before the iodine is completely dissolved. — The protobromide is obtained by 
agitating bromine-water with excess of iodine, and decanting the reddish-brown liquid. 
(Brown.) 
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These crystals are collected after a while on a filter, washed with cold 
water, and then dissolved in. boiling alcohol, from which solution the 
acid separates on cooling in colourless shining plates; from boiling water 
it crystallises in long thin needles, having a slight acid reaction. 


10 c . 

Dried at 100°. 
. 60 .. 

.. 25*32 .. 

Brown, 
.. 25*50 

3 II. 

. 3 .. 

.. 1*26 .. 

... 1*48 

I. 

. 126 .. 

.. 53*17 

52-91 

6 0 .... 

. 48 .. 

... 20*25 .. 

... 20-11 


c 10 h 3 io 5 . 237 .... 100*00 .... 100-00 


The crystals do not lose weight at 100°, but melt at a higher tempe¬ 
rature, forming a black liquid, which then suddenly decomposes, giving 
off a large quantity of iodine-vapour. The acid is decomposed by strong 
nitric acid, with separation of iodine. 

It dissolves sparingly in cold, abundantly in boiling water. Alkalis 
and acids increase its solubility in water, but boiling with strong potash- 
solution decomposes it. The aqueous solution imparts a deep purple 
colour to sesquiehloride of iron, and forms with nitrate of silver a yel¬ 
lowish white precipitate, soluble in ammonia. 

Baryta-salt. — On mixing an alcoholic solution of the acid, rendered 
slightly alkaline by ammonia, with an alcoholic solution of acetate of 
baryta, iodopyromeconate of baryta quickly separates in delicate crystals, 
which have an alkaline reaction, do not lose weight at 100°, and dissolve 
but sparingly in water and alcohol, either hot or cold. 

Crystals dried at 100°. Brown. 


BaO . 76-6 .... 24*42 23*84 

10C . 60-0 .... 19-13 

3 H. 3*0 .... 0 96 

I . 126-0 .... 40*18 

6 0 . 48-0 .... 15*31 


C 10 H 2 BaIO 6 + Aq. 313*6 .... 100*00 


Lead-salt. — A mixture of the alcoholic solutions of iodopyromeconic 
acid and neutral acetate of lead, yields this salt on addition of a small 
quantity of ammonia, in the form of a colourless amorphous precipitate, 
which may be freed from excess of oxide of lead by digestion in warm 


acetic acid. 

Air-dried. 


Brown, 

PbO .. 

.. 112 .. 

... 32*94 .... 

.... 33*03 

10 C . 

.. 60 

... 17*65 


2 H. 

.... 2 . 

... 0*59 


I .. 

.. 126 . 

... 37*06 


5 O . 

. 40 . 

... 11*76 


C 1( >H-'PbI0 6 ... 

.. 340 . 

... 100*00 



Iodopyromeconic acid dissolves sparingly in cold, readily in boiling 
alcohol . (Brown.) 
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Appendix to Iodopyromeconic Acid , 

Iodomecone. C 6 H 4 l 8 0 8 . 

J. F. Brown. Ann . Pharm. 92, 324. 

Formed by tbe action of an excess of chloride of iodine on pyrome¬ 
conic acid (p. 440), or on meconic or comenic acid, which differ in com¬ 
position from pyromeconic acid, only by the elements of carbonic acid : 

C 10 H 4 O 6 + 8ICI + 8HO == C*H<PO* + 4CO* + 8HC1. 

When pyromeconic acid is acted upon by a quantity of chloride of 
iodine larger than is required to form iodopyromeconic acid, the liquid 
turns yellow and iodomecone is produced; and if, after separation of 
the undecomposed iodopyromeconic acid, potash be gradually added to 
the liquid, a black precipitate is formed which redissolves on agitation; 
on adding more potash, a point is attained, at which the precipitate 
exhibits a lighter colour, no longer redissolves on agitation, and is no 
longer increased by further addition of potash. The precipitate is then 
to be separated from the liquid by filtration, washed with cold water, 
and purified by repeated crystallisation from boiling alcohol. 

Iodomecone crystallises in shining, yellow, six-sided tables; smells like 
saffron; is neutral to vegetable colours; sublimes without decomposition 
considerably below 100°. Altogether, its properties resemble those of 
iodoform. 


6 C . 

. 36 .. 

... 3*29 .... 

Brown. 
. 3*34 

4 H. 

4 .. 

... 0-36 .... 

. 0*44 

8 I . 

. 1008 .. 

... 91*97 .... 

. 91*97 

6 0 . 

. 48 . 

... 4*38 ... 

. 4-25 

C 6 H 4 I 8 0 G . 

. 1096 . 

... 100*00 ... 

. 100*00 


Iodomecone is decomposed with violence by strong nitric acid. Oil 
of vitriol does not act upon it in the cold, but decomposes it when 
heated, with separation of iodine. Caustic potash boiled with it for 
some time extracts a small quantity of iodine. 

It is insoluble in water and in hydrochloric acid, and is not decom¬ 
posed by the latter, even at a boiling heat. Dissolves in alcohol and 
ether . (Brown.) 


IT. d . Bromine-nucleus. C 10 H 3 BrO A . 

Bromopyromeconic Acid. 

C 10 H 3 BrO 6 = C 10 H 3 BrO 4 ,O 2 . 

J. F. Brown. Ann. Pharm. 84, 41. 

Formed by the action of bromine on pyromeconic acid (p. 440). — 
When bromine-water is added to a strong aqueous solution of pyrome¬ 
conic acid, the latter being in excess, the bromine is quickly absorbed, 
and there remains a colourless liquid, which, after standing for an hour 
or less, deposits bromopyromeconic acid in beautiful small colourless 













446 


LIKENE: AMlDOGEN-OTCLEUS C 10 AdH 7 . 


prisms. If the bromine water is in excess, this add is not produced. From 
boiling alcohol .the acid crystallises in fibrous plates, or if the solution be 
slowly cooled, in short prisms. It reddens litmus slightly. 


10 c . 

. 60 

... 31-41 .... 

Brown, 
. 31-93 

3 II. 

. 3 . 

.. 1-57 ... 

. 2-05 

Br. 

. 80 

... 41*89 .... 

. 41-34 

6 0. 

. 48 

... 25*13 ... 

.... 24-68 

C w H»BrO«. 

. 191 . 

..100-00 ... 

. 100*00 


The acid, when subjected to dry distillation, melts, blackens, and 
gives off a large quantity of hydrobromic acid; and if the heat be long 
continued, a white crystalline substance begins to collect in the cold 
part of the tube. Nitric acid decomposes bromopyromeconic acid with 
effervescence; sulphuric acid dissolves it without visible decomposition. 

The acid dissolves sparingly in cold, somewhat more readily in hot 
water. — The solution does not precipitate chloride of barium, chloride 
of calcium, or sulphate of magnesia, even in presence of ammonia.—- 
With ferric salts it yields a deep purple-red colour, quite different from 
the red tint produced by pyromeconic acid. — With ammonio-cuprie 
sulphate it forms no precipitate in the cold, hut on heating the liquid, a 
bluish precipitate is formed. — The acid does not form any precipitate 
with nitrate of silver; neither does it reduce the oxide to metallic silver 
at a boiling heat. 

Lead-salt. A warm alcoholic solution of the acid forms with an 
alcoholic solution of acetate of lead, a white precipitate, consisting of 
small, closely aggregated crystalline needles, which quickly settle down 
to the bottom of the vessel. The salt may also be obtained by mixing 
the aqueous solutions of the acid and of acetate of lead, with addition 
of ammonia; but it is then strongly coloured. 

Brown. 


PbO... 

. 112 . 

.. 36-97 .... 

.... 36*48 

10 C . 

. 60 . 

19*80 .... 

.... 20*57 

3 H. 

. 3 . 

.. 0-99 .... 

.... 0*85 

Br... 

. 80 . 

.. 26*40 .... 

.... 

6 0. 

. 48 . 

.. 15*84 


C 10 H 2 PbBrO <! ,Aq. 

. 303 . 

... 100*00 



The salt could not be purified by recrystallisation, on account of its insolubility in 
water and alcohol: it was therefore carefully washed with alcohol. (Brown.) ^f. 


c. A midogen-nucle L 
% a. Amidogcn-nucleus. C I( A dH 7 . 

Piperidine. 

C'°NH U = C 10 AdH T ,H s . 

Anderson, lieport of the Twentieth Meeting of the Jirit. Assoc., 1850, 
Motic. and Abstr. 47; Ann. Phavm. 84, 345; Jahresler. 1852, 545. 
Cahours. Ann.Chim. Phys. 38, 76; Ghem. &he. Qu. J. 6, 175; abstr. 

• Ann. Pharm. 84, 342; Jahresler. 1852, 546, 
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Anderson showed in 1850 that piperine and other organic alkaloids, 
treated first with nitric acid and then with potash, yield volatile bases; 
afterwards, in 1852, he examined more particularly the base obtained 
in this manner from piperine, and determined its composition by the 
analysis of the platinum-salt, — Cahours showed, somewhat later, but 
independently of Anderson, that the same base is obtained by heating 
piperine with potash-lime. Rochleder & Wertheim had previously shown that 
piperine yields a volatile oily base when, heated with soda-lime; but they found this 
base to possess the properties of picoline, and regarded it as a pseudo-salt containing 
the elements of picoline united with a quaternary group of atoms. 

J Preparation, 1. When 3 pt. of piperine is distilled with 2i to 3 pts. 
of potash-lime in a retort connected with a cooled receiver, a distillate 
is obtained, consisting of water, two distinct volatile bases, and a neutral 
substance having an agreeable aromatic odour. When this crude liquid 
is treated with fragments of caustic potash, a light oily substance sepa¬ 
rates, having a strong ammoniacal odour, and dissolving in water in all 
proportions. This oil, when distilled, passes over almost wholly between 
105° and 108°; but towards the end of the distillation, the thermometer 
rises quickly to 210°, and there remains stationary. The more volatile 
product, which forms more than of the crude liquid, distils over 
entirely at 106°, when rectified. This liquid is piperidine. (Cahours.) — 
2. Piperine, treated with nitric acid, evolves red fumes, and forms a 
substance having an odour of bitter almond oil, and a brown resin, 
wbicb dissolves with blood-red colour in potash, and when boiled with 
that substance, yields piperidine, in the form of a volatile liquid. 
(Anderson.) 

Properties. Colourless, very limpid liquid, having a strong ammo¬ 
niacal odour, but recalling also that of pepper, and a very caustic taste 
(Cahours); peculiar aromatic odour. (Anderson.) Blues reddened litmus 
strongly. Boils at 10G°. Yapour density 2-958. (Cahours.) 





Cahours. 

10 c . 

. 60 .. 

.. 70-58 

. 70*41 

N. 

. 14 .. 

.. 16-48 

. 16-60 

11 H. 

. 11 .. 

. 12-94 

. 13*01 


C 10 NH U . 85 .... 100-00 . 100*02 



Vol. 

Density. 

C-vapour . 

. 10 .. 

.. 4-1600 

N-gas. 

. 1 . 

.. 0-970G 

H-gas.. 

. 11 .. 

... 0-7623 


Vapour . 2 .... 5*8929 

r 1 .... 2*9464 


,} 


[Cahours regards this compound as an imidogen*base of the formula 

in other words, he supposes it to contain only 1 At. H. replaceable by an organic radical. 
This view appears to be supported by the action of iodide of methyl on methylopipe- 
ridine (p. 448). 


Decompositions. — 1. Nitrous acid acts violently on piperidine, form¬ 
ing a heavy aromatic liquid, which however was not obtained in sufficient 
quantity for analysis- From the results obtained by the action of 
nitrous acid on aniline (see next yoI.), it is probable that the compound 
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C l# H 10 O 2 is first formed, and afterwards C 10 XH 9 O*.—-2. Vapour of 
cyanic acid passed into piperidine forms piperidic urea : 

C 10 NH n + C 2 NH0 3 » C 12 N 2 Ii 12 0 3 . 

Cyanate of methyl and cyanate of ethyl form similar compounds, with 
1 H replaced by 1 At. methyl or ethyl. — 3. Iodide of methyl added to 
piperidine forms the hydriodate of methylopiperidine, C 10 NH l0 (C 2 H 3 ). 
Similar substitution-compounds are formed by the iodides of ethyl and 
amyl; also by chloride of benzoyl , chloride of amyl; and apparently also 
by chloride of acetyl. (Cahours.) 

Combinations . Piperidine dissolves in all proportions in Water, 
forming a strongly alkaline liquid, which behaves with saline solutions 
like ammonia, excepting that it does not redissolve the oxides of zinc 
and copper. 

Piperidine saturates the strongest acids, and forms crystalline salts 
with sulphuric, hydriodic, hydrobromic, hydrochloric, nitric, and oxalic 
acids. (Cahours.) 

Sulphate of Piperidine. C 10 NH n ,HO,SO 3 is obtained by saturating 
piperidine with sulphuric acid. It is crystallisable, deliquescent, and 
very soluble in water. A solution of 1 At. of this salt, boiled with 
1 At. cyanate of potash, yields sulphate of potash and a compound 
analogous to urea : 

C 10 NH u ,HSO 4 + C 2 NK0 2 - KSO 4 + C 12 N 2 H 12 0 3 

Piperidic urea. 

Sulphocarbonate of Piperidine. When bisulphide of carbon is added 
drop by drop to piperidine, a violent action takes place, and the mixture 
becomes very hot; and on dissolving the resulting solid mass (after the 
sulphide of carbon has been added in excess, and the action is terminated) 
in alcohol, and leaving the solution to evaporate, the salt separates, 
sometimes in slender needles, sometimes in symmetrical oblique prisms 
of considerable size. (Cahours.) 


11 c . 

. 66 . 

... 53*65 

Cahours. 
. 53*61 

N. 

. 14 . 

... 11*38 


n h. 

. 11 . 

... 8*94 , 

.4.. 8*90 

2 S . 

. 32 . 

... 26*03 , 

. 25*90 

C'°NH n ,CS s .. 

. 123 . 

... 100*00 



Hydriodate of Piperidine. — Crystallises in long needles resembling 
the hydrochlorate. (Cahours.) 





Cahours. 

10 C ... 


... 28*30 ... 

. 28*18 

N. 


... 6*62 ... 

. ... 6*69 

12 H. 

. 12 . 

... 5*65 ... 

. 5*72 

I . 

. 126 . 

... 59*43 


C 10 NH U ,HI . 

. 212 

... 100*00 



Hydrochlorate of Piperidine . — Long colourless needles, easily soluble 
in water and alcohol. From the alcoholic solution the salt separates in 
long prisms (Cahours); in needles an inch long. (Anderson.) The 
crystals volatilise when moderately heated, and are not altered by 
exposure to the air. 
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10 c . 

. .. 60-0 

. • 49*38 

Cahours. 
. 49-05 

N . 

14*0 . 

. 11-52 ... 

.. .. 11-65 

12 H . 

.. 12*0 . 

9-87 

... 10-00 

Cl . 

.... 35*4 . 

. 29*23 

. . 29*00 

C l0 NH n ,HCl. 

. 121*4 . 

... 100-00 

99-70 


Nitrate of Piperidine. — Obtained by saturating tbe base with weak 
nitric acid, and evaporating in vacuo. Small crystalline needles. De¬ 
composes when heated, giving off vapours which have an aromatic odour. 
Very soluble in alcohol. (Cahours.) 


10 c . 

. 60 .. 

.. 40-54 ... 

Cahours. 
. 40-68 

2 N. 

. 28 .. 

.. 18-90 


12 H . 

. 12 . 

.. 8-11 ... 

. 8-24 

6 0. 

. 48 .. 

.. 32-45 



C 10 NH u O,NO 5 . 148 ... 100*00 


Ghloroplatinate of Piperidine . — Long orange-coloured needles, very 
soluble in water, less soluble in alcohol. (Cahours.) 


10 C . 

.. 60-0 .. 

.. 20-60 ... 

Cahours. 
. 20-45 

N . 

. 14-0 . 

.. 4-81 ... 

. 4-93 

12 H . 

.. 12-0 

.. 4-12 ... 

. 4-22 

Pt . 

... 99*0 . 

.. 34-00 ... 

. 33-81 

3 Cl . 

106-2 .. 

... 36-47 ... 

... . 36*45 

C 10 N H u , H Cl.PtCl 2 . 

... 291*2 . 

... 100-00 . 

. 99-86 


Oxalate of Piperidine .—Formed by saturating piperidine with a 
solution of oxalic acid. Separates by evaporation in delicate needles* 
which may be obtained pure by a second crystallisation. 


12 C . 

. 72 . 

... 55*38 ... 

Cahours. 
. 55*58 

N. 

. 14 . 

... 10*77 ... 

. 10-84 

12 II. 

. 12 . 

... 9-23 ... 

..... 9-39 

4 0 . 

. 32 . 

.. 24-62 . 

... 24-19 

C“NH 1I ,C 2 fI0 4 .. 

. 130 . 

... 100*00 

100-00 


Conjugated Compounds of Piperidine . 

Methylopiperidine. 

C 12 NH 13 = C 2 H s ,C 10 AdH 7 jH 2 = C w n{ c ^ 3 J 

CAnouiis. N . Ann . Chim. Phys. 38, 92; Chem. Soc. Qu. J. 6, 179. 

Formed by the action of iodide of methyl on piperidine. The action 
is very violent, so that it is necessary to add the iodide of methyl drop 
by drop, and keep the tube cool; otherwise the contents will be thrown 
out. When the liquids are mixed in equal volumes, hydriodate of 
methylopiperidine is obtained^ in a beautifully white, crystalline mass, 
vol. x. ’ 2 G 
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which is soluble in water, and when treated with potash yields methylo- 
piperidino in the form of an oily liquid, having an ammoniacal odour 
like that of piperidine, but more aromatic. The product is purified by 
digestion with fragments of caustic potash and subsequent rectification. 

Colourless, very mobile liquid, having an ammoniacal and aromatic 
odour. Boils at 118°. Vapour-density = 3*544. 


12 C . 

N . 

13 H . 

. 72 .... 

. 14 .... 

. 13 .... 

72*72 

14*15 

13*13 

Cahours. 

. 72-83 

. 14*35 

. 13*74 

C^NH 13 . 

. 99 ... 

100-00 

. 100*92 



Vol. 

Density. 

C-vapour . 

. 

12 .... 

4*9920 

N-gas . 


1 .. 

0*9706 

H-gas . 

. 

13 

0*9009 

Vapour of Methylopiperidine 

2 .... 

6*8635 



1 .... 

3*4317 


Methylopiperidine dissolves in Water , and forms crystallisable com¬ 
pounds with Acids. 

Hydrochlorate. — Crystallises in beautiful colourless needles. 

Caliours. 

52*91 


10*43 

26-31 


C 12 NH 13 ,HC1. 135-4 .... 100*00 


12 C. 72-0 . 53*13 . 

N . 14*0 . 10*33 

14 H . 14*0 ... 10*33 . 

Cl. 35*4 . 26*21 . 


Ckloroplatinate. — Hydrochlorate of methylopiperidine forms with 
bichloride of platinum, a double salt, which is soluble in water and still 
more in alcohol, and separates, by spontaneous evaporation of the 
alcoholic solution, sometimes in needles, sometimes in tables of a fine 
orange-colour. 


Caliours. 

12 C . 72*0 .. 23*59 . 23*77 


N .. 



. 14*0 . 

. 4*59 


14 H ... 



. 14*0 . 

4*59 

4*63 

Pt .. 

. 


99*0 

. 32*43 .... 

.... 32*40 

3 Cl ... 



... 106*2 . 

... 34*80 


C^NH 13 , HCl,PtCP . 

. 305*2 . 

... 100*00 



Methylopiperidine with Iodide of Methyl . —- Methylopiperidine mixed 
with iodide of methyl, becomes slightly heated, and on heating the 
mixture in a sealed tube placed in the water-hath, it finally solidifies in 
a crystalline mass. On breaking tbe tube after a few days, heating to 
expel the excess of iodide of methyl, dissolving the crystals in alcohol, 
and leaving the solution to evaporate, it yields splendid crystals, which 
acquire a high lustre by drying between bibulous paper. These crystals 
-when distilled in a retort, partly volatilise, and are partly resolved into 
methylopiperidine and iodide of methyl. The same decomposition takes 
place when the crystals are distilled with fragments of potash. 
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14 C . 

N. 

16 H . 

T . 


C 12 NH 13 ,C 2 Ii 3 I 


Cahours. 


.... 84 .... 35-00 34-90 

. 14 .... 5-83 5-92 

.... 16 .... 6-67 6*75 

... 126 52-50 


240 .... 100-00 


As the crystals, when distilled with potash, do not yield any distinct organic base, 
it does not appear possible to replace more than 1 At. H. in piperidine by methyl 
(see p. 447). 


Ethylopiperidine. 

C»NH 15 = C 4 H 4 ,C 10 AdH 7 ,H 3 = C 10 N j ^ 

Cahours. H. Ann. Chim. Phys. 38, 95; Chem. Eoc. Qu. J , 6, 179. 

Formation and Preparation. — By the action of iodide of ethyl on 
piperidine. The mixing of the two liquids is attended with considerable 
rise of temperature, though not so great as with iodide of methyl. The 
mixture must however be made with caution, and the vessel kept cool, 
to avoid projection of the liquid. On heating the mixture in sealed 
tubes placed in the water-bath, it solidifies in a mass of beautiful white 
crystals of hydriodate of ethylopiperidine, which, when decomposed by 
potash, yields the base. 

Properties. Colourless, very mobile, oily liquid, lighter than water; 
has an odour like that of piperidine, but less ammoniacal and more 
aromatic. Boils at 128°. Yap our-density = 3*986. 





Cahours. 

14 C . 

. 84 ., 

... 74-33 .... 

.... 74-16 

N . 

. 14 

... 12-40 .... 

.... 12-59 

15 H . 

. 15 

... 13-27 .... 

.... 13*19 

C 14 NH 15 . 

. 113 . 

... 100-00 .... 

.... 99-94 


8 

Vol. 

Density. 

C-vapour. 

14 . 

.. 5-8240 

N-gns . 

1 .. 

.. 0-9706 

II-gas . 

, 15 .. 

.. 1*0395 

Vapour of Etbylopiperuline... 

2 .. 

.. 7-8341 


1 .. 

.. 3-9170 


Ethylopiperidine dissolves in Water , but less abundantly than piperi¬ 
dine; potash in fragments added to the solution separates the base 
completely. It dissolves readily in Alcohol and Ether. 

Hydrochlorate . C u NH 15 ,HCl,PtCl 2 . — Forms beautiful needles, having 
considerable lustre. 

Chloroplatinate. — A concentrated solution of the hydrochlorate, 
mixed with a concentrated solution of bichloride of platinum, forms an 
abundant precipitate, which dissolves in a larger quantity of water, 
especially when hot. If this precipitate be redissolved in a mixture of 

2 a 2 
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equal parts of water and alcohol, and the solution loft to evaporate 
spontaneously; the double salt separates in large orange-coloured prisms 


of great beauty. 


14 C . 

. 84-0 .. 

26*31 ... 

Cahours. 
. 26*23 

N . 

. 14*0 .. 

.. 4-39 ... 

. 4*28 

16 H . 

. 16-0 .. 

.. 5-01 ... 

. 5*16 

Pt. 

. 99-0 .. 

.. 31*02 ... 

. 30*86 

3 Cl . 

. 106*2 ., 

.. 33*27 



C 14 NH 15 ,HCl,PtCl 2 ... 319-2 .... 100-00 


Ethylopiperidine scarcely exhibits any rise of temperature when 
mixed with iodide of ethyl. When placed together with excess of 
iodide of ethyl in sealed tubes, and heated in the water-bath for several 
days, it yields a viscous mass, which floats upon the hydriodic ether. 
Water dissolves this product in all proportions, forming a solution which 
does not crystallise in vacuo. The solution treated with excess of 
recently precipitated oxide of silver, yields a deposit of iodide of silver, 
and a liquid which, when evaporated in vacuo, yields very deliquescent 
crystals, having *a bitter taste and a strong alkaline reaction. These 
crystals decompose when strongly heated, yielding ethylopiperidine and 
an inflammable gas. They dissolve with rise of temperature in hydro¬ 
chloric acid, forming a solution which, when concentrated by heat, or 
better by evaporation in vacuo, yields a slightly deliquescent salt, which 
crystallises in scales. — The solution of this hydrochlorate forms a 
copious precipitate with a concentrated solution of bichloride of platinum; 
hut if the liquids be mixed in a state of greater dilution, and at a boiling 
heat, the mixture on cooling deposits the platinum-salt of [biethylo- 
piperidine] in small orange-coloured prisms, bearing a strong resemblance 
to chloroplatinate of potassium. 


18 C. 

. 108*0 . 

.. 31*10 

Cahours. 
. 31*01 

N. 

. 14*0 . 

. 4-03 


20 H . 

. 20*0 . 

. 5*76 ... 

. 5*82 

Pt. .. 

. 39*0 . 

.. 28*51 . 

. 28*26 

3 Cl. 

106*2 . 

30*60 


C 18 NH I9 ,HCl,PtCl 2 ... 

. 347-2 . 

.. 100*00 



The formula of this salt may also, and with greater probability, be 
written in the form O 18 NH 20 Cl,PtCP, representing it as the chloroplati¬ 
nate of biethylopiperidammonium, C 18 NH 20 = C l0 N j | 0 f which 

the viscous substance obtained by treating the product of the action of 
iodide of ethyl on ethylopiperidine with oxide of silver, is the hydrated 
oxide = C 18 NH-°0,H0. (Cahours.) The salts of ethylopiperidine, 
methyl opiper id in e, and piperidine itself may of course he likewise repre¬ 
sented ^ as analogous to ammonium-salts, e. g. the hydrochlorate of 
piperidine = C 10 NH 12 ,Cl. It would be interesting to know, whether the 
action of oxide of silver on the iodides of these bases would also give 
rise to the formation of crystallisable hydrates. If. b 
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/3. Amidogen-nucleus. C 10 Ad a H 2 O 4 . 

Nitrothein. 

C 10 N 2 H°0 6 = C I0 Ad 2 H 2 O 4 ,O 2 ? 


Stenhouse (1843). Phil. Mag. J. 23, 426; also Mem. Chem. Soc. 

1, 219, and 239; also Ann. Pkarm. 45, 371; 46, 229. 

Rochleder. Ann. Pharm. 73, 56. 

Rochleder’s Cholestrophane. 

Fo?'mcttion. By the action of nitric acid or chlorine-water on coffein. 

Preparation . 1 . Coffein is boiled for some hours with strong nitric 

acid, till a sample of the liquid leaves, on evaporation, no longer a yellow 
but a white residue; the liquid is then evaporated to a syrup and cooled, 
and the resulting crystals purified by recrystallisation from water, and 
pressure between paper. 100 pts. of coffein yield from 5 to 6 pts, of 
nitrothein. (Stenhouse.) — 2. Chlorine gas is passed through water in 
which coffein is suspended, till the amelic acid at first produced is decom¬ 
posed; the solution is then left to crystallise. (Rochleder.) 

Properties. Crystallises from water in large white nacreous laminm; 
from ether by evaporation in very regular oetohedrons; and by sublima¬ 
tion, which takes place readily and without decomposition, in delicate 
shining laminae, like naphthalin. The crystals grate between the teeth, 
have a sweetish taste, and redden litmus very slightly, or not at all. 
(Stenhouse.) 

Crystals dried at 100°. Stenhouse. Rochleder. 


10C. GO .... 42'25 42*01 .... 42-00 

2 N. 28 ... 19*72 19*47 .... 20’00 

6 11 . 6 .... 4 23 . 4-26 .... 4*25 

6 O . 48 .... 33*80 34*26 .... 33*75 


C 10 N 2 H 6 O 6 . 142 ....100*00 . 100 00 .... 100*00 


Decompositions. 1 . Nitrothein is easily set on fire, and burns with a 
bright flame. (Stenhouse.) — 2. When boiled with potash-ley, it gives 
off a largo quantity of ammonia (Stenhouse), and perhaps also ethyla- 
mine, and forms carbonate and oxalate of potash. (Rochleder,) If 
ethylamine is produced in this reaction, the equation may perhaps be : 

C 10 N 2 H c O 6 + 4KO + 4110 - C 4 K 2 0 8 + 2(K0,C0 2 ) + C 4 NM 7 + NH 3 . 

Combinations. Nitrothein dissolves in 3 pts. of cold, and in a much 
smaller quantity of hot water. The solution produces no reaction with 
acetate of lead, ferrous sulphate, or nitrate of silver. (Stenhouse.) 

Nitrothein dissolves readily in alcohol and ether, (Stenhouse.) 
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/. Nitrogen-nucleus . C 10 N 4 H 4 . 

Xanthic Oxide. 

C 10 N 4 H 4 O 4 = C 10 N 4 H 4 ,O 4 ? 

Marcet. Tn his Essay on the Chemical History and Medical Treatment 
of Calculous Disorders. Lond. 1819. Translated into German by 
Helneker, Bremen; abstr. Schw. 26, 29. 

Wohler & Liebig. Pogg. 41, 393; also Ann. Pharm. 26, 340. 

Xanthin (which name would be preferable, if it did not also belong to madder- 
yellow.)— Discovered by Marcet in 1819; (first analysed by Wohler & 
Liebig). Yery rarely forms human calculi. (Marcet, Wohler & Liebig, 
Laugier, J. Chim med. 5, 513); occurs in the urine of spiders, (J. Davy, 
N. Ed. Phil. J. 40, 355.) According to Gorup-Besanez, this substance 
contains, not xanthic oxide, but guanine. 

Properties. The calculus consisting of xanthic oxide is brown, 
smooth, hard, of laminar structure, and when dissolved in water reddens 
litmus slightly (Marcet); it is globular, smooth, and of dark brownish 
yellow colour (Laugier); its surface is sometimes light brown, smooth, 
and shining, sometimes whitish and earthy; on the fracture, it exhibits a 
brownish flesh-red colour; it acquires a waxy lustre by friction; consists 
of concentric layers without fibrous or crystalline structure; and has the 
hardness of the denser uric acid calculi. (Wohler & Liebig.)—By dis¬ 
solving the calculus in potash, precipitating the filtrate with carbonic 
acid, and washing and drying the white pulverulent precipitate, the 
xanthic oxide is obtaiued in very hard yellowish lumps, which acquire a 
waxy lustre by friction, and are free from potash. (Wohler & Liebig.) 


Dried at 100-°. 


Wohler & Liebig. 

10 C . 

. 50 . 

. 39*48 

. 39*86 

4 N . 


... 35*84 

. 36-72 

4 H. 

. 4 . 

.. 2-63 

. 2‘60 

4 0 . 

. 32 

21*05 

. 20*82 

CN'HW. 

152 

... 100 00 

. 100*00 


[According to the formula C l0 N 4 H 4 ,O 4 , xanthic oxide would be the monobasic acid 
of the nucleus whose bibasic acid is uric acid.] 

, Decompositions. 1. The xanthic oxide calculus yields by dry distillation, 
an aqueous solution of carbonate of ammonia which crystallises on 
cooling, and a thick yellow oil (Marcet); it gives off a large quantity of 
hydrocyanic acid, and yields a sublimate of carbonate of ammonia, not 
of urea. (Wohler & Liebig) —2. Before the blow-pipe, the calculus flies 
to pieces, blackens, emits a faint, peculiar, empyreumatm, animal odour, 
(different from that of heated uric acid, and more like that of burnt 
horn. W. & L.) and consumes down to a small quantity of ash. (Marcet.) 
— 3. Its solution in nitric acid leaves on evaporation a dry lemon-yellow 
residue, which dissolves partially in water. The solution thus formed is 
yellow; loses its colour when mixed with acids, but is coloured bright 
red by potash; and yields by evaporation, a carmine-coloured mass which 
dissolves with yellow colour in water. (Marcet.) The residue left on 
evaporating the solution in strong nitric acid, forms with water a yellow 
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solution, and when heated with potash-ley, a red solution, which acquires 
a deeper red colour on evaporation, and leaves a red residue soluble with 
yellow colour in water. (Laugier.) Xanthic oxide dissolves in nitric acid 
without evolution of gas, but much less quickly than uric acid, and the 
solution leaves on evaporation a bright lemon-yellow mass, which dis¬ 
solves in water with light yellow, and in potash-ley with deep reddish 
yellow colour. The latter solution forms a yellow precipitate with sal- 
ammoniac, and, when mixed with chloride of soda, gives off nitrogen gas, 
and becomes dark-coloured at first, but afterwards colourless. (Wohler & 
Liebig.) — As gelatin, chondrin, &c. likewise yield with nitric acid a yellow residue, 
which turns red when treated with potash, this behaviour of xanthic oxide with nitric 
acid is not characteristic. (E. Barruel, J. CAim. mid. 16, 13.) 

Combinations. Xanthic oxide dissolves to a slight extent in boiling 
water , and as the solution cools, a white film forms on the surface, and 
gradually sinks to the bottom. (Marcet.) 

It dissolves in oil of vitriol, and is not precipitated from the solution 
by water. (Wohler & Liebig.) 

It dissolves very sparingly in dilute acids, perhaps through the 
medium of the water contained in them. (Marcet.) It is insoluble, or 
very sparingly soluble, in hydrochloric acid. (Wohler & Liebig.) 

It dissolves in ammonia (Marcet), more readily than uric acid, and 
the solution leaves on evaporation a yellowish laminated mass, still con¬ 
taining a small quantity of ammonia. (Wohler & Liebig.) 

It dissolves very readily in potash-ley, whence it is precipitated by 
acids (Marcet); the solution has a dark greenish brown-yellow colour, 
like bile; immediately deposits the xanthic oxide when carbonic acid is 
passed through it; and when mixed with sal-ammoniac, deposits the 
xanthic oxide on evaporation, and with evolution of ammonia. (Wohler 
& Liebig.) 

Xanthic oxide likewise dissolves in aqueous mono -carbonate of potash, 
but not in bicarbonate of ammonia, potash, or soda. (Marcet.) 

It dissolves sparingly in acetic acid. (Marcet.) 

It is insoluble, or but very sparingly soluble, in oxalic acid . (Marcet, 
Wohler & Liebig.) 

It is insoluble in alcohol and ether. (Marcet.) 


Uric Acid. 

C 10 N 4 H 4 O 6 = C 10 N 4 H 4 ,O 8 . 

Scheele. Opusc. 2, 73; also Crell. N. Entdech, 3, 227. 

Bergman. Opusc. 4, 387; also Crell . W. Entdech , 3, 232. 

Pearson. Scher. J. 1 , 48. 

Fourcroy. Ann. Chim. 16, 116; 27, 225. 

Vauquelin. J. Fhys. 88, 456. — Ann. du Mus. 1 , 96; 7, 253. 
William Henry. Ann. Phil. 2, 57. 

Gay-Lussac. Ann. Chim. 96, 53; also Schw. 16, 84. 

Chevallier & Lassaigne. Ann. Chim. Fhys. 13, 155; also Schw. 29, 
257. 

Gasp. Brugnatelli. Brugn. Giorn. 11, 38 and 117; 12,133; 13, 464. 
Prout. Schw. 28, 182, — Ann. Chim. Fhys. 11, 48. — Ann. Phil. 
14, 363. 
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BraconnoT. Ann . Chim . P%s. 17, 302; abstr. 33, 263. 
Wetzlar. JBeitrdge zur Kenntniss des menschlichen Earns. Frankf. 

1821, 69; abstr. Schio. 33, 264. 

Liebig. Pogg. 15, 569.— Ann; Pharm. 5, 288. 

Wohler. & Liebig. Ann. Pharm. 26, 241. 

Lipowitz. Ann. Pharm. 38, 348. 

Aug. Bensch. Ann. Pharm. 54, 189. 

Jam. Allan & Aug. Bensch. Ann. Pharm. 65, 181. 

Heintz. Ann. Pharm. 55, 62. 

Lithic acid , Harnsaure, Urinsdure, Blasensteinsaure, Acide urique } Ac. lithique , 
Pearson’s lithic oxide, or animal oxide. — Discovered by Scheele ill 1776.— 
Occurs in tbe urine of man, of the lion, tiger, leopard, hymn a, dog (Mar- 
chand, J. pr . Chem. 14, 496), of tbe ox (Bodeker, J. pr. Ghem. 25, 254), 
also in the allantoic liquid (Jacobsen, Meckel Archiv. 8, 332; Prevost & 
Le Royer, Bull. d. Sc. mid. 7, 25); in the urine of birds, especially of 
the carnivorous and graminivorous kinds; therefore also in the dung of 
sea-birds, which accumulates in deep layers in the form of guano on the 
islands of South America and Africa; in the urine of serpents, crocodiles, 
lizards, and tortoises; in the urine of the silkworm-butterfly (Brugua- 
telli), and of other butterflies and moths (J. Davy); of several cater¬ 
pillars, of horse-dung-beetles, grasshoppers, crickets, scolopendra, wasps 
(also, according to Audouin), and of several flies (J. Davy, E. Ed. 
Phil. J . 40, 231 and 335; 45, 17); in cantharides (Robiquet), in many 
species of Meloe (Lavini & Sobrero, E. J. Pharm. 7, 469); in the 
so-called biliary ducts (which, according to Audouin, E. Ann. Sc. Eat 
Zoologie , 5, 130, should be regarded as urinary organs, or, according to 
Meckel, as urinary and biliary organs), of the Lucanus Capreolus (Aube); 
in the urinary organ of several species of Eelix (Mylius, J. pr. Ghem. 
20, 509), and in the urine of those animals (J. Davy, E. Ed. Phil. J. 45, 
385 )—Very many urinary concretions and deposits of man, fewer of 
the dog, and many of birds, serpents, lizards, and tortoises, consist of uric 
acid or urate of ammonia. 

To determine the quantity of uric acid in a liquid urine, the urine is 
to be mixed with hydrochloric acid (or with acetic or phosphoric acid, if 
albumin is present), and the uric acid which settles down after some 
time collected. (Heintz, Pogg. 70, 122.) Scratching the sides of the 
vessel with a glass rod accelerates the deposition. (Wetzlar.) — Or the 
urine may he evaporated to an extract; this extract exhausted with 
93 per cent, alcohol; the undissolved portion treated with dilute potash; 
the uric acid precipitated from the filtrate by acetic acid with the aid 
of heat (hydrochloric acid would likewise precipitate mucus); and tho 
precipitate washed with water containing acetic acid. (Lehmann, J. pr. 
Ghem. 25, 13.) — If a urinary calculus contains so small a quantity of 
uric acid, that it merely exhibits the red colouring when evaporated with 
nitric acid, but gives no precipitate with hydrochloric acid when exhausted 
with potash, it may be boiled with water and carbonate of lithia; the 
filtrate treated with hydrochloric acid will then yield a precipitate of uric 
acid. (Lipowitz, Ann Pharm . 38, 352.) 

Preparation, a. From urinary calculi containing uric acid or urate 
of ammonia,—or from the sediment deposited from human urine, especially 
after addition of hydrochloric acid,—or from the urine of carnivorous and 
graminivorous birds {Braconnot),—or from the urine of the Boa-constrictor , 
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which is less contaminated with brown colouring matter. (Front.) — 1. Either 
of these materials, which may be previously freed from phosphate of 
lime and a portion of the brown colouring matter, &c., by boiling 
(Kodweiss), or by a day’s maceration (Wohler) with dilute hydrochloric 
acid, is dissolved in warm potash-ley; the uric acid precipitated from the 
filtrate by hydrochloric acid; warm potash-ley saturated with the pre¬ 
cipitated and washed uric acid; the solution evaporated to a pulp; the pulp 
consisting of granules of acid urate of potash, spread out upon linen, 
washed by stirring it up several times with a small quantity of cold water, 
and then strongly pressed; and the residue dissolved in boiling water. 
The liquid on cooling deposits the salt in white but still rather impure 
crystals; the purest salt is deposited, after a few days, from the mother- 
liquor decanted from the first crystals, this liquid then retaining nothing 
but brown colouring matter and carbonate of potash. This purest salt, 
dissolved in potash-ley, yields, on addition of hydrochloric acid, a white 
precipitate of pure uric acid, gelatinous at first, but afterwards aggre¬ 
gating in scales. (Braconnot.) — 2. Serpents’ urine, poultry-dung, or a 
urinary calculus, is boiled with a solution of 1 pt. hydrate of potash in 
20 pts. water as long as ammonia is given off; carbonic acid gas passed 
through the filtrate, till the precipitate, which is at first gelatinous, 
becomes heavy and granular, and sinks to the bottom — or, which comes 
to the same thing, till the liquid becomes nearly neutral;—the precipitate 
of acid urate of potash, washed till the wash-water shows turbidity on 
being mixed with the first filtrate; then dissolved in dilute potash and 
the solution poured while hot, into dilute hydrochloric acid. (Bensch.) — 
DelfFs heats pulverised serpents’ urine with 1 pt. of caustic potash and 
14 pts. of water to the boiling point; allows the hot solution to run 
directly from the filter into a mixture of 2 pts. oil of vitriol and 8 pts. 
water, stirring all the while; and purifies the uric acid (which settles down 
in a less bulky form, in proportion as the mixture was hotter) by decanta¬ 
tion and washing. {Fogg. 81, 311.) — 3. The substances containing uric 
acid, especially those from which potash would extract a large quantity of 
foreign matters, colouring the liquid and impeding the filtration—the dung 
of birds for example—may also be boiled with a solution of borax in 120 
pts. of water, and the filtrate precipitated by hydrochloric acid (Wetzlar, 
Bottger, N. JBr.Arch. 9,132; see also Landerer, N. J. Fharm. 19, 439; and 
Arppe, Ann. Fharm. 87, 237). — 4. Serpents’ urine may also be dissolved 
in warm oil of vitriol; the [decanted*?] solution gradually diluted with 
water (if it be too much diluted, the colouring matter will be precipitated 
as well as the uric acid); and the precipitated uric acid washed on the 
filter with more water. (Fritzsche, J. pr . Chem. 14, 245.) 

Various methods of Purification. — 1. The uric acid is dissolved in oil 
of vitriol, and precipitated therefrom by water. (Dobereiner ) — 2. It is 
boiled with dilute hydrochloric acid, which removes colouring matter and 
a peculiar flocculent substance. (Gasp. Brugnatelli.) — 3. W. Henry 
endeavours to free the uric acid from mucus by digestion with carbonate 
of ammonia, but converts it thereby into carbonate of ammonia, as 
Wetzlar and Dobereiner have shown. — 4. Luigi Brugnatelli (Brugn. 
Giorn. 12, 155) dissolves the uric acid in lime-water, and reprecipitates 
if therefrom by hydrochloric acid. — 5. 0. Henry (J. Fharm. 15, 165) 
boils the precipitate obtained from human urine by basic acetate of lead 
with carbonate of potash, and precipitates the uric acid from the filtrate 
with hydrochloric acid. 
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b. From Guano . — 1. Guano is boiled for several hours with crude 
potash, slaked lime, and water, the solution strained through a conical 
cloth filter, and evaporated to a thick pulp; this mass strongly pressed 
between linen; the residue suspended in water and decomposed with 
hydrochloric acid; the crude uric acid thus separated, washed with water 
and dissolved in weak potash-ley; the solution evaporated till it solidifies 
to a pulp, which is then strongly squeezed in the press-hags; the urate of 
potash thus obtained boiled with a double quantity of water, stirring 
constantly, and the liquid strongly pressed out; and this boiling and 
pressing three or four times repeated, till a sample of the residue treated 
with hydrochloric acid yields perfectly white uric acid. Lastly, the per¬ 
fectly white urate of potash is dissolved in hot water containing potash; 
and the clear solution poured into excess of hydrochloric acid. The 
mother-liquors obtained in these processes yield, by further treatment, a 
little more uric acid, amounting altogether to per cent, of the guano. 
(Bensch, Ann. Fharm . 58, 206.) — 2. Guano is exhausted, first with 
water, then with potash-ley; the latter brown solution mixed with 
chloride of calcium to separate a mouldy substance; and pale yellow uric 
acid obtained from the pale yellow filtrate by precipitation with hydro¬ 
chloric acid. (Bibra, Ann . Fharm. 53, 111.) 

Froperties. Delicate, white, nacreous scales (in the impure state, 
yellowish or brownish). The crystals obtained by evaporation from the 
hot aqueous solution, often appear, when examined by the microscope, to 
be four-sided prisms, acuminated with octohedral faces resting on the 
terminal edges. (Bensch.) Fritzsche observed under the microscope 
transparent, colourless, smooth, thin, square tables. — Tasteless and 
inodorous; the aqueous solution reddens litmus (Scheele, W. Henry); it 
does not redden litmus. (Pearson.) 
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The crystallised acid contains no water of crystallisation (Berard [com». however 
p. 465]. 

Decompositions. 1 . Perfectly dry uric acid subjected to dry distil¬ 
lation neither melts nor gives off any liquid distillate, hut yields a 
copious brownish yellow sublimate of cyanuric acid, urea, and hydro- 
cyanate of ammonia, together with a large quantity of free hydrocyanic 
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acid, (Wohler, Pogg. 15, 529, and 626.) As neither cyanuric acid nor 
urea is volatile, these bodies must be formed from other products of 
decomposition, e. g ., urea from ammonia and cyanic acid. (Wohler.) — 
At the commencement of the process, carbonate and hydrocyanate of 
ammonia sublime, and a brown empyreumatic oil passes over, together 
with free hydrocyanic acid; afterwards cyanuric containing ammonia 
sublimes, and is ultimately carried forward by the water loaded with 
empyreumatic oil. (Chevallier & Lassaigne.) The cyanuric acid thus 
formed amounts, according to Scheele, to T5> according to Pearson, to T 2 T ; 
the residual charcoal, which burns to ashes with difficulty, amounts, 
according to Scheele, to -h, according to Pearson, to T 3 ^-, according to 
W. Henry, to according to Pearson, the dry distillation of 20 grains 
of uric acid produces 5 cubic inches of carbonic acid and 5 cubic inches 
of nitrogen gas; according to W. Henry, the gases evolved are carbonic 
acid and carburetted hydrogen. 

2. Uric acid heated in contact with the air becomes carbonised, and 
gives off an odour of burnt bones. (Pearson.) — For the conversion of urate of 
ammonia into oxalate by the action of air and light, see page 467. — Mixed with 
carbonate of soda and fermented with beer-yeast, it is converted at 
32° C. into oxalic acid, nrea, and carbonate of ammonia. (Ranke, J. pr. 
Chem . 56, 1.) 

3. Perfectly dry Chlorine gas does not act at ordinary temperatures 

on perfectly dry uric acid; but at higher temperatures, it produces a 
very large quantity of cyanic and hydrochloric acid, the uric acid dis¬ 
appearing altogether, with the exception of a small carbonaceous residue. 
(Liebig, Pogg . 15, 567.) Tf the uric acid be strongly heated from the 
very beginning of the action, solid chloride of cyanogen is likewise 
obtained. (Kodweiss.) — Moist uric acid swells up at ordinary tempe¬ 
ratures in chlorine gas, giving off carbonic and cyanic acid, and leaving 
a residue which is perfectly soluble in water, and contains ammonia, 
hydrochloric acid, and a large quantity of oxalic acid. (Liebig.) 
Chevreul ( N. GehL 7, 530), who states that the uric acid is converted into oxalic acid 
in five minutes, had probably used moist uric acid _When uric acid is sus¬ 

pended in a large quantity of cold water, chlorine gas, not in excess, 
passed through the liquid, and the whole agitated, the uric acid dis¬ 
solves, forming free hydrochloric acid, sal-ammoniac (which then, by 
the further partial action of the chlorine, produces a small quantity 
of chloride of nitrogen), a large quantity of acid oxalate of ammonia, 
a very small quantity of alloxantin or alloxan (inasmuch as the liquid, 
when evaporated to dryness, leaves a pale purple residue), parabanic 
acid, a substance rich in nitrogen and very sparingly soluble in water, 
and, according to Pelouze, also allanturic acid. 

Uric acid suspended in 20 pts. of water, dissolves, when chlorine 
gas is passed through the liquid, with slight effervescence [of nitrogen 
gas, proceeding from the chloride of nitrogen], and separation of yellowish 
white flakes, which are a compound of chlorine with animal matter. 
The strongly acid solution, which continues for a very long time to give 
off gas bubbles, even without heating, contains hydrochlorate and oxalate 
of ammonia, hydrochloric acid, malic acid [1], oxuric acid (p. 169), and 
purpuric acid [?], which last three acids are decomposed when the 
passage of the chlorine is continued, so that only hydrochloric acid, 
oxalic acid, and ammonia, remain. (Vauquelin.) — When uric acid is 
heated with a quantity of chlorine-water not quite sufficient to dissolve 
it, a liquid is formed, which is reddened by evaporation, and still more 
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by addition of ammonia, and contains a yellow, gelatinous, deliquescent 
body, soluble in alcoliol. (Kodweiss.) — Cold chlorine-water also pro¬ 
duces allanturic acid; but when chlorine gas is passed in excess through 
a boiling aqueous solution of uric acid, scarcely any thing is produced 
but hyperacid oxalate of ammonia, which is then also resolved into gases. 
(Pelouze, N. Ann. Chim. Phys. 6,71; also Ann. Pharm. 44, 108.) — 
Chlorine water forms with uric acid, alloxantin, alloxan, parabanie acid, 
and oxalic acid. (Woliler & Liebig.)—When chlorine gas is passed 
through uric acid suspended in a very large quantity' of cold water, the 
water poured off from time to time, and renewed, chlorine again passed 
through, &c., till the whole is dissolved, there is obtained a colourless, 
very acid liquid, smelling strongly of chloride of nitrogen. This liquid 
when heated gives off gas-bubbles (probably nitrogen gas; at all 
events, no volatile chloride of cyanogen condenses on passing the gas 
through a tube surrounded with a freezing mixture; afterwards a small 
quantity of carbonic acid passes over); and yields, by further evaporation, 
a crystalline mass, besides a mother-liquor containing ammonia. This 
crystalline mass, dissolved in hot water and filtered, leaves a white 
powder, while the filtrate, when evaporated and cooled, first yields white 
crystals of acid oxalate of ammonia, then honey-yellow crystals, then 
again white crystals of sal-ammoniac. The white powder chars when 
heated, with evolution of hydrocyanic acid, and without fusion; it is 
perhaps the substance described by Schlieper (pp. 461, 462). — The 
honey-yellow crystals , when heated, swell up, turn brown, emit an odour 
of hydrocyanic and cyanic acid, yield a white crystalline sublimate which 
reddens litmus, and leave a small quantity of charcoal. With warm 
nitric acid they effervesce strongly, and form a colourless solution. They 
dissolve sparingly in warm oil of vitriol, without charring when heated. 
With cold strong potash-solution, they give off ammonia; their aqueous 
solution reddens litmus strongly, and does not precipitate chloride of 
calcium; they dissolved readily in hot aqueous ammonia, the greater 
portion separating out on cooling in colourless or yellowish needles. The 
mother-liquor of these needles yields with chloride of calcium a preci¬ 
pitate insoluble in hot acetic acid; and the solution of the needles in hot 
water, yields, when mixed with hydrochloric acid and rapidly cooled, 
a similar (only yellowish) crystalline precipitate, like oxalurata of 
ammonia mixed with hydrochloric acid (ix. 441). According to this, the 
honey-yellow crystals might be regarded as parabanie acid (ix. 442), 
accidentally coloured. (Gin.) 

4. Uric acid, boiled for some time with Iodine and water, dissolves 
partially, forming a liquid which contains purpuratc of ammonia [alloxan 
or alloxantin, with liydriodate of ammonia 2] (Prout, Brugnatclli); but if 
the iodine is in excess, the purpuric acid is converted into oxalic. 
(Vauquelin.) 

5. Cold concentrated Nitric acid converts uric acid, with rise of 
temperature and evolution of carbonic acid and nitrous vapours, into 
alloxan and urea., which is then further decomposed by the nitric acid ; 

C 10 N 4 H 4 O 8 + 20 + 2HO = C 8 N-H-0 3 + C-NWO 2 . 

When pulverised uric acid is added to cold nitric acid of sp. gr. 1*425, 
by small portions, at sufficiently long intervals, and mixed in such a 
manner that the mass shall riot become warm, it solidifies, as soon as 
tbe further addition of uric acid no longer causes au abundant evolution 
of carbonic acid and nitrous fumes, into a crystalline magma of alloxan; 
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and the mother-liquor, when gently heated, gives off pare nitrogen gas, 
and retains nothing but nitrate of ammonia. Probably the urea formed 
from the uric acid is converted by the nitrous acid at the beginning of 
the action, into nitrite of ammonia and cyanic acid : 

C 3 N 2 H 4 0 2 + NO 3 = NH 3 ,N0 3 + C*NHO* 

The cyanic acid is converted, in the known manner, with water, into 
ammonia and carbonic acid, so that at first only the latter is evolved, 
and afterwards the nitrate of ammonia is resolved by heat into water and 
nitrogen gas, which is therefore given off in the pure state. But as the 
nitric acid is at first in very large excess, the nitrite of ammonia is 
partly resolved therewith into nitrate of ammonia and nitrous acid, 
which escapes in red vapours. (Liebig & Wohler.) [As the mixture 
contains an excess of nitric acid up to the end of the reaction, it is not 
very easy to see how nitrite of ammonia can be formed.] — Cold nitric 
acid of sp. gr. 1*55 likewise yields alloxan, but at the same time produces 
a brown substance, by the formation of which the aggregated lumps of 
uric acid acquire a black-brown colour, and the resulting alloxan also 
becomes brown and difficult to decolorise. (Liebig & Wohler.) 

Uric acid boiled with strong nitric acid does not yield a trace of 
alloxan, but is converted into parabanic acid, which separates on cooling 
in long narrow prisms, and in scales. (Liebig k Wohler.) — [On the 
supposition that alloxan is at first produced and then further oxidised, 
the equation is : 

CWH-O 8 + 20 = C fi N 2 H 2 0 G + 2C0 2 .] 

When I pt. of uric acid is gradually added to 2 pts. of cold nitric acid, 
of sp. gr. 1*25, and the mixture, after the completion of the action, 
cooled to 20°, till it solidifies to a thin pulp, and this product thrown on 
a filter, it yields a filtrate containing hydurilic acid, a large quantity of 
parabanic acid, oxalic acid, and ammoniacal salts,'—and a residue, 
which when dissolved in a small quantity of hot water, is resolved into 
a large quantity of undeeomposed uric acid (because the nitric acid was 
not in sufficient quantity), and a syrupy solution. This solution does 
not crystallise on cooling; when gently heated it becomes turbid, and 
deposits alloxantin, together with a white sparingly soluble powder; 
when heated with nitric acid, it gives off carbonic acid, with strong 
effervescence, and then solidifies on cooling to crystals of alloxan. 
(Schlieper.) — The white sparingly soluble powder mixed with the allox¬ 
antin, remains behind when the alloxantin is dissolved in dilute nitric acid. 
It is not altered by strong nitric acid; dissolves in oil of vitriol, whence it 
is but slightly precipitated by water; is insoluble in cold water; sparingly 
soluble in hot water, whence it is deposited by cooling and evaporation; 
and dissolves in ammonia, forming a liquid, which dries up to a gum, and 
forms, with nitrate of silver, a white precipitate which turns black on 
boiling; in potash it dissolves with evolution of ammonia, is precipitated 
therefrom by acetic but not by hydrochloric acid, and may be regarded 
as the ammonia-salt of a peculiar acid. (Schlieper.) — To obtain this 
acid, the white powder is boiled with potash-ley, till it no longer gives 
off ammonia (whereby, however, an alteration appears to be produced, 
as hydrochloric acid then produces a precipitate); the solution, mixed 
with*acetic acid and alcohol, whereby granular crystals are precipitated, 
still containing potash; these crystals redissolved in potash; and the acid 
obtained in the form of a soft white crystalline powder by super- 
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saturating the hot solution with hydrochloric acid and cooling. It 
contains 35*97 p. c. C, 16*98 N, 3*21 IT, and 43*84 0, and is therefore 
= C 10 N 2 H 5 O 9 . Tt is insoluble in cold water, but dissolves with tolerable 
facility in hot water, whence it separates on cooling, It dissolves in oil 
of vitriol, is insoluble in nitric acid, and even in boiling ammonia; but 
dissolves. readily in potash, whence it is precipitated by ammonia. 
(Sclilieper, Ann. FJiarm . 56, 10.)—When 2 pts. of nitric acid of 
sp. gr. 1*25 and 1 pt. of uric acid are mixed together all at once, the 
mixture becomes heated and froths in the course of a minute or two; and 
the heat continually increases, till at length the liquid suddenly boils and 
froths over, giving off an abundance of red vapours. There is thus 
formed, in a few minutes, a clear yellow solution, which still continues 
to give off carbonic acid with effervescence, in consequence of the 
decomposition of alloxan. If this solution be suddenly cooled, the 
greater part of the alloxan remains undecomposed; but if left to cool 
spontaneously, it solidifies, after long-continued evolution of carbonic 
acid, to a crystalline magma, which contains nitrate of urea together 
with alloxan, inasmuch as the nitric acid converts part of the alloxan 
into parabanic acid, and subsequently the parabanic acid into urea. 
(Schlieper, Ann. Pharm 55, 254.) 

In warm dilute nitric acid, uric acid dissolves with intumescence, 
proceeding from the escape of carbonic, nitrogen, and a small quantity of 
nitric oxide gas, and forms a yellow liquid, containing urea, nitrate of 
ammonia, and alloxantin. If the heat be continued, the last-mentioned 
substance is converted into alloxan and parabanic acid; and the latter, on 
saturation with ammonia, into oxaluric acid, which may then split up 
into oxalic acid and urea. (Wohler & Liebig.) / llanturic acid is also 
formed. (Pelouze.) — The solution forms, after a while, a purple spot on 
the skin, and wdien gently evaporated to dryness, leaves a purple-red 
residue.—When uric acid is gradually added to warm and very dilute 
nitric acid, till the latter no longer acts upon it, carbonic acid and nitrogen 
gases are evolved in equal volumes, together with a trace of nitric oxide, 
and there is formed a colourless or pale yellow solution, which, when 
mixed with excess of ammonia, acquires a transient purple tint if still 
hot, but remains colourless if it has been previously cooled, and, after 
cooling, deposits gelatinous flakes of yellowish or reddish tufts of needles 
of oxalurate of ammonia.—The solution, when gently evaporated, exhibits 
effervescence at isolated spots, assumes an onion-red colour, becomos less 
acid in its reaction, and then deposits alloxantin on cooling. The remain¬ 
ing mother-liquor becomes redder and more acid by further evaporation, 
and leaves a syrup, from which parabanic acid, nitrate and oxalate of 
ammonia, and nitrate of nrea, crystallise, while the mother-liquor still 
contains free urea precipitable by nitric acid. The solution evaporated 
till it exhibits an onion-red colour, and in which part of the alloxantin 
at first produced, is oxidised to alloxan by the nitric acid, assumes a deep 
purple-red colour when mixed with a very slight excess of ammonia, and 
on cooling deposits gold-green crystals of purpurate of ammonia, usually 
mixed with a reddish yellow powder of uramil. If the quantity of the 
alloxan be increased by further evaporation, an excess of ammonia im¬ 
parts a transient purple colour to the hot liquid, which then, on cooling, 
frequently deposits, instead of the green crystals, a flesh coloured gra¬ 
nular powder of mycomelate of ammonia. (Wohler & Liebig.) — A 
solution of uric acid in dilute nitric acid, neutralized with ammonia and 
evaporated, gives off pure carbonic acid gas, recovers its acid reaction* 
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and yields yellow tufts of needles of oxal urate of ammonia, together with 
oxalate and nitrate of ammonia. (Wohler & Liebig.) —Hot dilute nitric 
acid saturated with uric acid, forms with ammonia, yellow or yellowish red 
flakes, which partly aggregate into yellowish-white crystalline grains con¬ 
taining oxalate and purpUrate of ammonia; the solution also contains urea. 
(Kodweiss, Fogg. 19, 1.) —When uric acid is dissolved in warm dilute 
nitric acid, carbonic and nitrous acids are evolved; the yellow saturated 
solution colours the skin deep red in half an hour; becomes blood-red when 
evaporated; and forms with lime-water, a white precipitate which chars 
when ignited. (Scheele.) — The deep red residue obtained by gentle 
evaporation, is nearly neutral, somewhat deliquescent, soluble with red 
colour in water, and may be decolorised by any acid; when too strongly 
heated, it sw T ells up like a sponge. (Bergman.) — The red aqueous solution 
of the residue loses its colour when heated, but again leaves a red residue 
'when evaporated. (Eug. Marcliand, J. Chim. med. 17, 178.) 

6. The solution of perfectly pure uric acid in cold oil of vitriol , gives 
off at 180° with violent effervescence, sulphurous acid, carbonic acid, and 
carbonic oxide, and leaves sulphate of ammonia, the quantity of ammo¬ 
nia in which corresponds to 30*54 per cent, of nitrogen in the uric 
acid. (Heintz. Fogg. 66, 137.) Scheele and Bergman, in making the 
experiment with impure uric acid, likewise observed a separation of 
charcoal. 

7- Uric acid, boiled with aqueous Bichromate of potash , gives off 
carbonic acid and ammonia, and forms a green liquid, from which alcohol 
throws down a green substance, and the transparent colourless filtrate 
leaves pure urea when evaporated. (Liebig.) 

8. When a small quantity of 1Permanganate of potash is gradually 
added to uric acid suspended in water, a brisk effervescence is produced, 
and the filtered yellowish liquid contains in solution a large quantity of 
manganous oxide. But if the addition of the permanganate of potash 
to the uric acid be continued till the precipitate consisting of hydrated 
manganic oxide becomes black-brown, and the liquid colourless, the filtrate 
then no longer contains manganese, and yields on evaporation nothing 
but small, white, opaque prisms. (Gregory, Ann. Fharm. 33, 336.) [May 
not these crystals be alloxanate of potash ? The following description 
of them by Gregory seems to favour such a view.] The crystals, when 
heated, give off hydrocyanic acid and ammonia, and leave a large quantity 
of cyanide of potassium. Their aqueous solution forms white precipi¬ 
tates with baryta-, lime-, lead-, and silver-salts; the baryta-precipitate 
dissolves in a large quantity of water; the lime-prccipitate not; the silver- 
precipitate turns yellowish when boiled; by decomposing the lead-preci¬ 
pitate with sulphuretted hydrogen water, and evaporating, the free acid 
is obtained in transparent prisms, which have a very sour taste, and form 
an easily crystallisable salt with ammonia. — According to another state¬ 
ment of Gregory’s (J. pr. Chem. 22, 273), manganate of potash produces 
urea and oxalic acid, besides the peculiar acid. 

9. When 90 pts. of uric acid are heated in a capacious vessel with 
132 pts. of peroxide of manganese and 294 pts. of oil, of vitriol , ammonio- 
manganous sulphate is formed, and cyanic acid evolved. (Dobereiner, 
Qilh 74, 418.) The mixture of these three bodies gives off nitric acid 
when distilled. (Liebig, Fogg. 14, 466.) — When uric acid is boiled with 
water and peroxide of manganese, a peculiar crystalline substance is 
formed. (Wohler & Liebig.) 

10. Uric acid heated with water and peroxide of lead, is converted 
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into allantoin, urea, oxalic acid, and carbonic acid. (Wohler & Liebig.) 
— When uric acid is stxri%d up with water to a thin pulp, and finely 
pulverised peroxide of lead added at 100°, carbonic acid is evolved, the 
peroxide loses its colour, and the mass becomes thick, unless there is a 
deficiency of water. After peroxide of lead has been added to the heated 
mass, till fresh portions retain their colour, the liquid, if filtered hot, 
yields crystals of allantoin on cooling, while urea remains in the mother- 
liquor, and oxalate of lead is left on the filter. The carbonic acid is 
formed, as a secondary product, by the action of the peroxide ol lead on 
the oxalate, after which the still remaining uric acid expels the carbonic 
acid from the carbonate of lead; hence the equation is : 


C 10 N 4 H 4 O s + 20 + 5H0 « ON-H 3 0 3 + C 2 N-H 4 0 2 + C 4 I3 2 0 3 (Wohler & Liebig.) 
$ At. allantoin. urea oxalic acid 

Allanturic acid is also formed in this reaction; the quantity of the urea 
produced varies considerably, and is often very small; and as peroxide 
of lead converts allantoin into allanturic acid and urea, even in the 
cold, the urea appears to arise from the allantoin, merely as a secondary 
product, so that in the first stage of the decomposition of the uric acid, 
allantoin is obtained without any urea. (Pelouze, iV. Ann. Chim. Flips. 
6, 71; also Ann. JFharm. 44, 108.) — It may, therefore, be probably 
assumed, that the uric acid is first converted into carbonic acid and 
allantoin, and the latter, by the further action of the peroxide, into urea 
and oxalic acid : 

First: C 10 N 4 H 4 O 6 + 2PbO- + 2110 = C 8 N 4 H G 0 6 + 2C0 2 + 2PbO; 

then*. c s N 4 H s O G + 2Pb0 2 * 2H0 = 2C 2 N 2 H*0 2 + CW 

(Gerhardt, Freds. 1, 246.) — [168 pts. (1 At.) of uric acid in boiling 
water, mixed by degrees with 240 pts. (2 At.) peroxide of lead, and 
ultimately boiled for some time, give off at first carbonic acid, yield a 
filtrate containing urea as well as allantoin, and leave on the filter oxalate 
of lead, together with undecomposed uric acid. If, therefore, Gerhardt's 
view is correct, it must at least be supposed that the peroxide, in conse¬ 
quence of its insolubility, exerts a further partial decomposing action 
on the allantoin at first produced, before it has decomposed tho whole 
of the uric acid.] 

11. Uric acid boiled with water, ftry [cyanide of potassium , and pot¬ 
ash, yields carbonate of potash and allantoin, part of which is then 
further transformed into lantanuric acid (ix. 445) and urea (Schlicper). 
— The first products are carbonate of potash and allantoin : 

C 10 N 4 H 4 O 6 + 2C L N G Fe 2 K 3 + 4KG + 2HO = C s N 4 H 6 0 6 + 2(IC0,C0 2 ) + 4C G N 3 FeK 2 . 

The allantoin thus formed is then resolved by the action of the excess 
of potash (to 1 At. urea there were used, not 4 At. but 6 At. potash), 
into lantanuric acid and urea: 

(PN 4 H r> 0 6 + 2HO = C 6 N 2 H 4 0 G + C 2 N 2 II 4 0 2 , 

being perhaps first converted into hydantoic acid, C 8 N 4 H 8 Q S . (Schlicper.) 

12. With terchloride of gold , uric acid forms a violet precipitate. 
(Proust.) — Mercuroso-mercurie nitrate colours it yellow. (Lassaigne.) 
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33. Uric acid ignited in a covered crucible with hydrate of potash, 
leaves a carbonaceous mass containing carbonate and cyanate of potash 
and cyanide of potassium, whereas, when the same mixture is ignited 
in an open crucible, the residue consists entirely of carbonate of potash. 
(Liebig & Lipowitz, Ann. Pharm. 38, 356.) — When fused at a gentle 
heat with hydrate of potash, uric acid does not blacken, but gives off 
ammonia, and leaves cyanide of potassium together with oxalate and 
carbonate of potash. (Gay-Lussac, Ann . Chim. Phys. 41, 398.) — By 
continued boiling with solution of potash, it gives off ammonia and forms 
oxalate of potash. (Kodweiss.) — When a solution of uric acid in 
excess of a tolerably strong solution of potash was heated, for several 
days, nearly to the boiling point, the water being renewed from time to 
time as it evaporated, a slight evolution of ammonia took place, but the 
greater part of the uric acid remained unaltered even after eight days. 
The solution being left to stand in an open vessel, soon absorbed carbonic 
acid from the air, and deposited a white powder, consisting of acid urate 
of potash, which, however, after about four weeks, gradually disap¬ 
peared, and was very slowly replaced by shining tabular crystals, consisting 
of the potash-salt of a new acid, Uroxanic acid C 10 I4 l0 N 4 O 13 . The 
mother-liquor contained oxalic acid, formic acid, lantanuric acid, and 
urea, together with the potash-salt of another peculiar acid, which, sepa¬ 
rated as a white powder, on addition of sulphuric acid; dissolved in nitric 
acid with evolution of gas, like uric acid; but did not exhibit any red 
colouring when the solution was evaporated, or the residue moistened 
with carbonate of ammonia; it likewise differed from uric acid in being 
soluble in ammonia. The formation of uroxanic from uric acid is 
expressed by the equation : 

C 10 N 4 H 4 O 3 + 6HO * C 10 N 4 H 10 O 12 ; 
and that of the secondary products by the equation : 

C 10 N 4 H 10 O 12 « C 2 N 2 H 4 0 2 + C 6 N 2 H 4 0 6 + C 2 H 2 0 4 . 

The oxalic acid [and the peculiar acid above mentioned ?] may be 
regarded as the product of a further decomposition. (G. Stadeler, A?i?i. 
Pharm. 78, 286.) T. 

14. Uric acid heated, with %>otassium is decomposed, with emission of 
light, yielding charcoal and alkali. A similar reaction with sodium , but 
unattended with emission of light. (Gay-Lussac & Thenard.) 

Combinations. With Water. — a. Hydrate of Uric acid? — 1 . Uric 
acid precipitated from the potash-solution by hydrochloric acid, forms at 
first a tumefied jelly, probably consisting of hydrate, which, however, 
soon sinks together in the liquid, in the form of the anhydrous crystal¬ 
lised acid. (Prout.)—2. The crystalline uric acid, precipitated from its cold 
solution in dilute potash by hydrochloric acid, always retains water, part of 
which, however escapes on exposure to the cold air, and the more quickly 
as the crystals are smaller; hence this water has always been overlooked. 
When pigeons’ dung is exhausted with aqueous borax, as in Bottger’s 
process, the filtrate, on being mixed with hydrochloric acid, deposits the 
greater part of the uric acid in small crystals; but the decanted liquid, 
when left to stand quietly, deposits much larger arborescent crystals, 
which have a light brown colouring, arising from the presence of other 
organic substances, do not effloresce in the air, give off 21*52 p. c. 
water (4 Ah [or rather 5 At.]), at 100°, and likewise in sunshine, or 
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under a bell-jar over oil of yltriol^ or when boiled with water, becoming 
opaque at the same time. ^The smaller crystals exhibit this effloresced 
appearance only under the microscope, the previously transparent, smooth 
square tables then appearing rough. (Fritzsclic, J. pr. Chem. 17, 56.) 

b. Aqueous Uric acid. — Uric acid dissolves in 1720 pts. (W. Henry), 
in 2800 ((rebel), in 10,000 (Prout), in 15,000 pts.. (Bcnsch) of cold water, 
and in 300 pts. (Sclicele), in 500 (Pearson), in 760 (Gobel, in 1400 
(W. Henry), in 1800 (Bcnsch) of boiling water, from which it separates 
in small crystals on cooling. The solution does not putrefy. (Pearson.) 
Even in cold water it forms a cloud with lead and silver-salts. (Bcnsch.) 
The cold solution does not redden litmus-paper, but the hot solution 
reddens it quickly and strongly. (Gobel, Schw . 58, 475.) 

Sulphate of Uric acid ? — Uric acid dissolves with brown colour in 
cold oil of vitriol, and is precipitated therefrom, with milky turbidity, by 
water. (Wetzlar.) Warm oil of vitriol saturated with serpents' urine, 
yields on cooling, rather large crystals of sulphate of uric acid, which may 
be freed from adhering sulphate of ammonia by washing with cold oil 
of vitriol, solution in warm oil of vitriol, and crystallisation by cooling. 
Tolerably large, transparent, colourless crystals, which melt at 70° 
without decomposing, and solidify in a crystalline mass on cooling; they 
decompose at 170°; absorb moisture greedily from the air, ami become 
opaque from separation of uric acid; and are decomposed by water, even 
in small quantity, into dilute sulphuric and a precipitate of uric acid. 
(Fritzsche, J. pr. Chem. 14, 243.) 

Crystals * Fritzsclic. 

C 10 N 4 H 4 O 6 . 168 .... 30-00 28*135 

8 SO 3 . 320 .... 57*14 57*08 

8 Aq. 72 . .. 12*86 14*27 

C 10 N 4 H 4 O G ,8SO 3 + 8Aq. 560 .... 100*00 . 100*00 


Or; according to Dessaigues (iV. J. Pharm. 25, 31.) 


36*37 


Dessaigues. 
.. 36*09 

62*88 


C 10 N 4 H 4 O G . 168 

6 SO 3 . 240 .... 51*961 

6 Aq . 54 .... 11*67/. 

C 10 N*H 4 O s ,6SO 3 + OAq. 462 .... 100*00 . 99*87 

The crystals analysed by Dessaigues were purified by draining between porous 
plates. 


Urates or Lithates. — Uric acid is one of the weakest of all acids iu its 
affinity for salifiable bases, especially for the alkalis; nevertheless, it 
decomposes soaps and the sulphides of the alkali metals with the aid of 
heat (W. Heury), and withdraws half the alkali from the aqueous 
solutions of the alkaline monocarbonates, thereby converting them into 
bicarbonates, which in closed vessels it does not decompose any further. 
(Wetzlar.) It likewise dissolves in aqueous borax, and in ordinary 
phosphate of soda (Al. Ure), in the form of acid urate of soda. — The 
urates are partly bibasic or neutral = C 10 N 4 H S M 2 0°, partly monobasic or 
acid — C 10 N 4 H 3 M0 fi . From the neutral alkaline urates, even carbonic 
acid abstracts half the alkali. (Bcnsch & Allan.) Nearly all the urates 
are insoluble or sparingly soluble in water. 
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Acid Urate of Ammonia . — Neutral urate of ammonia cannot be prepared in 
anyway (Bensch & Allan.) — The acid salt occurs in many human urinary calculi; 
it foims the piincipal part of birds’ and serpents’ mine. — Uric acid abstracts 
ammonia from the aqueous solution of sesquicarbonate of ammonia, till 
that salt is converted into the bicarbonate. (Wetzlar.) When immersed 
in aqueous acetate of ammonia, which thereby acquires the power of 
reddening litmus slightly, it is converted into urate of ammonia, part of 
which dissolves. Similarly, in a solution of diphosphate of ammonia, 
only in this case the liquid does not acquire any acid reaction, and holds 
in solution a larger quantity of urate of ammonia. In solution of sal- 
ammoniac, on the contrary, it remains unaltered. (Gm.) — Uric acid dried 
at 100°, does not absorb ammoniacal gas at any temperature between 
0° and 170°. (Bensch.) — 1. Uric acid heated with excess of aqueous 
ammoniac, swells up to a mass, which, after washing and drying over lime, 
appears white and amorphous, and amounts to 110*18 pts. for every 100 
pts. of acid used. (Bensch.) — 2. Uric acid suspended in water, and 
mixed with excess of ammonia while the liquid is boiled, yields the salt 
in needles, which must be dried over lime. (Bensch.) — 3. If a large 
quantity of water be used in this process, and the liquid filtered boiling 
hot, it yields on cooling a white curdy mass of the same salt, which may 
be dried over lime in an atmosphere of ammonia. (Bensch.)—4. The 
hot aqueous solution of acid urate of potash forms, with sal-ammoniac, a 
white precipitate, which is to be washed with water, then boiled 
with it, whereupon it swells up strongly; and lastly, dried over lime. 
(Bensch, Lehmann, J. pr. Ghem. 25, 15.)—5. An aqueous solution 
of neutral urate of potash is precipitated by neutral oxalate of ammonia. 
(Coindet.) 

Colourless amorphous mass or needles. 

Bensch. 


10 c . 

5 N . 

7 H . 

6 0... 


. 60 . 

. 70 

. 48 . 

.. 32*43 . 

. 37*84 . 

3*78 . 
.. 25*95 . 

(1) at 100°. 

. 32*60 . 

. 37*65 . 

. 3*92 . 

. 25*83 . 

(3) dried 
(2) at 140°. overtime * 
.. 32*43 .... 32*26 
... 37*89 .... 38*14 

.. 3*85 .... 3 91 

.. 25*83 .... 25*69 

C w N*H 3 (NH 4 )O s 

. 185 . 

.. 100*00 . 

. 100*00 . 

... 100*00 

.... 100*00 

Or: 










Bensch. Lehmann. 

Coindet. 




(2) 

(i) (-i) 

a . b . 

NH 3 . 

17 .... 

9*19 . 

... 8-97 .. 

. 9*39 


16*01 .... 8*68 

CWBW 

168 ... 

90*81 


86*46 



185 .... 

100*00 






The salt (a) analysed by Coindet ( Bibl . Univ. 30, 490) is that obtained by (5); 
b is found, according to that chemist, in the urine of birds. But the existence of the 
former salt, which would be neutral urate of ammonia, is, according to Allan & Bensch, 
extremely doubtful. — Liebig, by burning the ammonia-salt with oxide of copper, 
obtained 2 vol. carbonic acid gas to 1 vol. nitrogen =10:5. 

The salt, when heated, first gives off its ammonia. (Fourcroy.) — 
Pure urate of ammonia, in the moist state, does not undergo any altera¬ 
tion by exposure for months to light and air; but if it contains other 
animal substances, which appear to act as ferments, it is converted into 
acid oxalate of ammonia, a certain quantity of oxygen being at the same 

2 h 2 
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time transformed into carbonic acid. (J. Davy.) — The moist urine of tlie 
white-headed sea-eagle, which, in addition to urate of ammonia, contains 
a certain quantity of animal matter, changes, when kept for two months 
in a loosely closed glass vessel, into a mass which smells of ammonia and 
guano; and, like the latter substance, is white ami composed of micro¬ 
scopic crystals on the outside, while the interior is coloured brown by a 
substance soluble in water. The same decomposition takes place, even in 
the dark; but the quantity of oxalate of ammonia then produced is not 
so great. In well closed vessels containing but little air (which, under 
these circumstances, is converted into a mixture of 36 pts. nitrogen gas 
and 04 pts. carbonic acid), the urine undergoes but little change, not 
acquiring any ammoniacal odour, and containing only traces of oxalic 
acid, resulting from the decomposition; no oxalic acid is formed when the 
moist urine is heated for some time to 100° iu a closed vessel, but a large 
quantity, if it be mixed with pulverised peroxide of manganese. (J. Davy, 
Jf. Ed. Phil. J. 80, 204; 88, 226.) — Before the other products formed in this 
reaction are known, it is perhaps premature to calculate the results stoichiomctncully, as 
attempted by Denham Smith (Phil. Mag. J. 26, 138.) 

Urate of ammonia immersed in hydrochloric acid swells lip, and 
after a while yields free uric acid in the form of a crystalline powder 
(Bensch); but for the complete removal of the ammonia, the salt must bo 
digested with the hydrochloric acid for 24 hours; acetic acid acts still 
more slowly. (Lehmann.) Commom salt or phosphate of soda converts 
urate of ammonia dissolved in water into urate of soda. (Heintz.) Urate 
of ammonia dissolves, according to Prout, in 480 pts., and according to 
Bensch, in 1608 pts. of water at 15°, more abundantly in hot water. 
From a mixture of uric acid and urate of ammonia, the latter salt, being 
the more soluble, is extracted in greater quantity by boiling for a short 
time with water. (Eug. Marchand.) The solution, when boiled for a 
longer time, gives off all its ammonia, and deposits crystalline uric acid. 
(Bensch.) Acetate or hydrochlorate of ammonia precipitates the urate 
of ammonia from it in the amorphous state. (Bence Jones.) Urate of 
ammonia dissolves but sparingly in aqueous ammonia; consequently, 
carbonate of ammonia added to a solution of uric acid in excess of potash 
or soda, throws down the greater part of the uric acid in tlie form of the 
ammonia-salt, although a considerable quantity of ammonia is at Iho 
same time set free. (W. Henry.) 

Urate of Ammonia with Glycocol. — A solution of 1 At. glycocol and 
3 At. urate of ammonia in hot water, yields on cooling, a quantity of 
fakes, which increase on addition of alcohol, and appear, when examined 
bv the microscope, to consist of small prisms. (Horsford. Ann. Pharm. 
60 , 88 .) 

Crystals dried ever oil of vitriol . Horsford, 

14 C ... 84 ... 32-31 . 32*46 

6 N. S4 .... 32*31 

12 H. 12 ... 4*61 4*40 

10 Q.. 80 ... 30*7/ 

C 10 N 4 H 3 (NH 4 )O 6 + C 4 NH 5 0 4 . 260 .... 100*00 

Urate of Potash.— a . Paste .— Uric acid dissolves readily in 
excess of potash, forming a liquid which has a sweetish taste, froths like 
soap-water, and is precipitated even by carbonic acid. (Scheele.) The 
precipitate formed by carbonic acid is acid urate of potash, which at first 
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forms a jelly, and then contracts to a powder; but a considerable portion 
of it remains dissolved in the bicarbonate of potash. (Wohler & Liebig, 
Ann. Pharm. 26, 342.) Basic urate oi potash forms, with carbonate of 
ammonia, a precipitate of urate of ammonia, and precipitates all salts of 
the earthy alkalis, earths, and heavy metallic oxides. (Wk Henry.) 

b. Neutral. — 1. Uric acid is added to a cold dilute solution of 
potash free from carbonic acid, as long- as it remains clear; the solution, 
boiled in a retort till delicate needles separate out; then taken off the 
fire, and decanted after a few minutes; and the needles washed, first 
with weak and then with strong alcohol. (Allan & Bensch.) — 2. A 
solution of 1 pt. of hydrate of potash free from carbonic acid, in 15 pts. 
water, is saturated, at ordinary temperatures, with uric acid suspended 
in water and added in successive portions; the clear solution heated in a 
flask and mixed with twice its bulk of boiling SO per cent, alcohol; strong 
potash-ley dropt into the mixture, which remains clear and deposits 
bundles of needles; and the mother-liquor decanted from these after 
cooling: and the needles washed several times with alcohol by decan¬ 
tation, then on the filter with ether, freed from the ether by evaporation 
in vacuo, and dried completely in a current of air free from carbonic 
acid. During the whole operation, the air must be completely excluded, 
because the carbonic acid contained in it would exert a decomposing 
action. (Bensch.) 

Colourless needles, or soft white crystalline powder, having a strong 
caustic taste. (Allan & Bensch.) 


Allan & Bensch Bensch 


2 KQ . 

Cj'ystals at 120°. 
. 94*4 . . 

38*62 .... 

(1) 

.... 38-23 . 

(2) 

.. 37-94 

10 C. 

. 60*0 . . 

24*55 .... 

. 24*22 . 

.. 24*25 

4 N .. 

. 56*0 . 

22*92 .... 


22*78 

2 II . 

. 2*0 .. 

0*82 .. 

!..! 0*94 . 

... 0*91 

4 O. 

. 32-0 . . 

. 13*09 .. . 


.. 14*12 

C w N 4 H 2 K 2 O c 

. 244*4 . . 

. 100*00 


100*00 


The crystals are anhydrous, and, after drying at ordinary temperatures in a stream 
of hydrogen or of air free from carbonic acid, do not undergo any further diminution of 
weight at 120°. (Allan & Bensch.) 

The crystals turn yellow at 150°, black at higher temperatures, 
then melt, and slowly burn to a white residue. The moist or dissolved 
salt, when brought in contact with carbonic acid, rapidly absorbs that 
gas, and is converted into acid urate of potash. 100 pts. of the dry 
crystals, moistened and introduced into an atmosphere containing car¬ 
bonic acid, then dried again at 100°, exhibit an increase of weight 
amounting to 13*425 pts., because 1 CO 2 and 1 HO have been added to 
them, the products being I At. acid urate of potash and 1 At. carbonate 
of potash, easily removable by water. (Bensch.) 244*4 (neutral salt) : 
22 4* 9 = 100 : 12*68. — The salt is gradually resolved by boiling with 
water into the acid urate and free potash. It dissolves in 36 pts. of 
■water at 15°, the dissolved portion, however, appearing richer in potash 
than the residue, — very sparingly in alcohol, and not at all in ether. 
(Allan <& Bensch.) 

c. Acid .— Formation. 1. Tj the action of carbonic acid on the 
basic or neutral salt.—2. By the action of uric acid on aqueous car- 
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bonate of potash. Uric acid, immersed in a concentrated solution of 
neutral carbonate of potash, swells up to a jolly consisting of this salt, 
which does not perceptibly dissolve; as the bicarbonate of potash formed 
at the same time gradually gives off carbonic acid in open vessels, the 
decomposition goes on slowly, if sufficient uric acid is present, till the 
whole of the carbonic acid is expelled. The solution of carbonate of 
potash in 8 pts. of water dissolves a small quantity of uric acid, which, in 
a short time, is almost wholly precipitated as acid urate of potash; the 
solution in 24 pts. of water takes up a large quantity of uric acid, then 
quickly becomes turbid, and deposits thick flakes of acid urate of potash; 
and the flltrato exhibits the same reaction with fresh uric acid, till the 
whole of the potash is converted into urate, a large quantity of which 
then remains dissolved in the water. The solution in 100 to 200 pts. 
of water dissolves uric acid quickly and abundantly; the undissolved 
portion is free from potash, and the solution contains acid urate and 
bicarbonate of potash. (Wetzlar.)— [Hence it may be concluded that 
add urate of potash is much more soluble in pure water than in water 
containing carbonate of potasb.]—When uric acid is gradually added 
to a boiling solution of 1 pt. neutral carbonate of potash in 90 pts. water, 
2 pts. of the uric acid are taken up, with evolution of carbonic acid, and 
the solution on cooling deposits crystalline nodules of acid urate of 
potash; at a lower temperature it takes up much less. (Lipowitz.)—. 
A perfectly neutral solution of acetate of potash boiled with uric acid, 
acquires the property of reddening litmus, doubtless from liberation of 
acetic acid; but on cooling, the uric acid is deposited almost free from 
potash, and the liquid retains but a slight acid reaction. (Lipowitz.) 

Preparation . — A solution of uric acid in potasli-ley, or of the neutral 
salt in water, is precipitated by passing carbonic acid through it; the 
granular salt thereby precipitated washed with cold water and dissolved 
in boiling water; and the solution cooled, whereupon it deposits flakes, 
which dry up on the filter to an amorphous mass. (Bensch.) — 2. A 
warm solution of potash saturated with uric acid, is evaporated to the 
consistence of a pulp : this mass washed by stirring with a small 
quantity of cold water; and the residue strongly pressed between paper 
and crystallised from solution in hot water. (Braconnot.) [If this process 
were conducted without contact of air, the neutral salt would be obtained; but as the 
carbonic acid in the air partly converts this salt into the acid salt, Braconnot* s pioduet 
must be regarded as a mixture of the neutral and acid salts, a view fvhich is indeed 
corroborated by Braconnot’s description.] 

Properties. White, granular or aggregated amorphous mass, tasteless 
and neutral. (Bensch.) White, crystalline, alkaline, and sweet. (Braconnot.) 

At 100°. Benacli. Kodweiss, Bcrard. Braconnot. 


UO. 47*2 .... 22-89 .... 22*30 23*65 .... 29*80 .. . 33*6 

IOC. 60*0 .... 29*10 ... 28*58 

4 N.... 56*0 .... 27-16 .... 

3 H. 3*0 .... 1*45 ... 1*63 

5 0. 40*0 ... 19*40 


C 10 N*H 3 KO 6 .... 206*2 ... 100*00 

The salt yields cyanide of potassium when ignited alone, and sulpho- 
cyaiude when ignited with sulphur. (Dobereiner.) It absorbs caxbonic acid 
from the air. (Braconnot.) [Because his salt was partly neutral.] Jf dissolves ill 
7.00 pts. of water at 20°, and in 79 pts. of boiling water. (Bensch.) 
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It scarcely dissolves in water, excepting at a boiling heat, and separates 
out again almost completely when left to stand for some time. (Braconnot.) 
Tlie hot solution solidifies by slow cooling, to a transparent gelatinous 
lump. (Wetzlar.) The aqueous solution is precipitated by sal-ammoniac, 
bicarbonate of potash, or soda, and by salts of barium, lead, and silver, 
but not by sulphate of magnesia. (Benscb.) The salt does not dissolve 
in alcohol or ether. (Bensch.) 

Urate of Soda. — a. Basic . — Like the potash-salt. 

b. Neutral. —Prepared by the same two methods as neutral urate of 
potash. The first of these succeeds better with the soda than with the 
potash salt; in applying the second in this case, only one volume of 
alcohol must be added instead of two, and the nodules thereby separated 
washed as above with alcohol and ether. — The solution, concentrated by 
boiling, deposits the salt in hard nodules, which have a very strong 
alkaline reaction, and dry up to a tolerably hard white powder. 
(Bensch.) 

Allan & 


2 NaO. 

Crystals. 

. . . 62*4 .. 

27-08. 

JBensch. 

.... 27*09 .. 

Rensch. 

. 27*34 

10 C . 

. G0*0 

. 26-04 . .. 

... 26-39 


4 N. 

.. . 5G*0 , 

.. 24-30 

.. . 25-15 


4 H . 

4-0 

1*74 . 

.. 1*79 


GO. 

.. 48-0 . 

. 20-84 . 

. . 19*58 


C 10 N 4 H“Na 2 O G + 2Aq. 

... 230*4 . 

... 100*00 ... 

.. 100*00 



The crystals analysed by Bensch were previously dried at 120° in a stream of air 
free from carbonic acid j those analysed by Allan & Bensch, in a stream of hydrogen 
at 100°. 

The crystals, after drying at 100°, give off 2 At. water at 140°. 
They decompose at 150°, melt at a stronger heat, and leave a black 
residue, which ultimately burns white. The moist crystals are decom¬ 
posed, even by tlie carbonic acid in the air, into acid urate and carbonate 
of soda. 100 pts. of the crystals dried at 100° and introduced into 
carbonic acid gas, after being moistened with water, exhibit, after drying 
at 100°, an increase of weight amounting to 9*942 pts., arising from 
1 At. carbonic acid, the product being C 10 N 4 H 3 NaO 6 + NaO,C0 2 . 
230*4 : 22 = 100 : 9*55. (Bensch.) — The crystals dissolve in 02 pts. of 
water at 15°, the soda being, however, taken up in rather larger pro¬ 
portion, and the undissolved portion containing therefore a certain 
quantity of the acid salt. (Allan & Bensch.) 

c. Acid. — Occurs in gouty concretions. (Wollaston.) — Formation. 
By the action of carbonic acid on the neutral salt. — 2. By treating 
uric acid with aqueous carbonate, borate, phosphate, or acetate of soda. 
— Uric acid exhibits, with neutral carbonate of soda , nearly the same 
reaction as with carbonate of potash, excepting that a lower degree of 
concentration is sufficient to prevent the solution of the resulting acid 
urate of soda. (Wetzlar.) The reaction with a boiling solution of car¬ 
bonate of soda, is also similar, in every respect, to that already described 
with boiling carbonate of potash. (Lipowitz.) — Uric acid dissolves in 
aqueous borax , even when sufficient boracic acid is added to redden 
litmus, only more slowly in that case, — forming acid urate of soda, 
whiqh is precipitated if the solution is strong, tlie liquid then taking up 
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a fresli quantity of uric acid. (Wetzlar.) A concentrated solution of 
borax takes up less uric acid than a dilute solution. (Bottger.) A 
solution of borax in 20 pts. of water (if less water is present, the urate ot 
soda which coats the uric acid prevents the solution) takes up a large 
quantity of uric acid, and on cooling deposits acid urate of soda, amount¬ 
ing, when dried at 100°, to 17*02 per cent. (Kodweiss.) A solution of 
1 pt. borax in 90 pts. water dissolves, even at a moderate heat, rather 
more than 1 pt. of uric acid, and on cooling deposits gelatinous urate of 
soda, part of which however remains in solution. A solution of borax 
of the above strength, mixed with excess of boracic acid, dissolves the 
same quantity of uric acid, but on cooling deposits the whole of tho 
resulting urate of soda. (Lipowitz.) —With ordinary diphosphate of soda 
(2Na0,H0,P0 5 ) uric acid forms acid urate of soda, the phosphate of 
soda being also thereby rendered acid. (Alex. (Jro, Eepert. 75, 65.) 
When uric acid is boiled with this salt, a large quantity of it dissolves, 
so that, on cooling, a bulky precipitate of urate of soda is formed, 
although a large quantity st-ill remains in solution; when uric acid is 
boiled with ordinary acid phosphate of soda (NaO,2HO,P0 5 ), only a 
small quantity of it dissolves. (Lipowitz.) The solution of uric acid in 
ordinary diphosphate of soda yields, on cooling, tufts of needles of urate 
of soda. (Heintz.) Bird ( Lond. Med. Gaz. 1844, Aug.) regarded those 
crystals as a compound of uric acid with phosphate of soda., inasmuch as 
they left the latter salt when ignited; but Heintz obtained carbonate of 
soda. The mother-liquor of these ci'ystals boiled with fresh uric acid, 
yields on cooling a small deposit containing less soda; and by repeatedly 
boiling the mother-liquor with fresh acid and cooling, a deposit of uric 
acid is finally obtained, which contains only a trace of soda, and exhibits 
the form of long rhombic tables with truncated corners, like the uric acid 
which separates from urine. — With phosphate of soda and ammonia, 
uric acid behaves as with phosphate of soda, excepting that the pi'eci- 
pitate which separates on cooling, consists of a large quantity of urate of 
ammonia with a small quantity of urate of soda. (Heintz, Ann. Pharm . 
55, 62.) — Uric acid does not decompose a solution of common salt. (Gm.) 

— It dissolves abundantly in warm aqueous acetate of soda , and crystal¬ 
lises partially and free from soda on cooling, while tho rest remains 
dissolved as soda-salt in the liquid, which becomes turbid on addition of 
acetic acid, hydrochloric acid, or sal-ammoniac, especially if the sides of 
tjhe vessel he rubbed with a glass rod. (Gm. Ileidelb. Jahrb . d. Lit . 1823, 
767.) — 3. By decomposing urate of ammonia with chloride of sodium. 

— Acid urate of ammonia dissolves at a boiling boat, more abundantly 
in water containing common salt than in pure water, and the solution 
on coolmg deposits an amorphous powder, consisting of acid urate of 
soda and a very small quantity of urate of ammonia, while sal-ammoniac 
remains in the mother-liquor. The ammonia in the precipitated powder 
amounts to only 0*06 to 0*00 percent., the quantity being smaller as 
the solution of salt is more saturated. When uric acid is boiled with a 
solution of common salt containing ammonia, tho filtrate on cooling 
yields needles, containing rather more than 1 At. urate of ammonia to 
1 At. urate of soda. (Heintz.) 

For experiments on the different degrees of solubility of uric acid in 
water containing small quantities of carbonate or borate of ammonia, 
potash, or soda, whence it appears that carbonate and borate of potash, 
and therefore also tartai*ised borax, are the best solvents for urinary 
calculi; vid . Alex. Ure. (J. Ghim med. 18, 63.) 
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Preparation. 1. Carbonic acid is passed through the aqueous solu¬ 

tion of the neutral or basic salt, and the small nodules thereby separated, 
washed on the filter with cold water and dried. (Bensch.) — 2. A boiling 
solution of uric acid in soda-ley is mixed with bicarbonate of soda, and 
the small needles which separate treated as above. (Bensch.) 

The salt when dry is a white light powder, and its aqueous solution 
is neutral to vegetable colours. (Bensch.) After drying at 100° it gives 
off 4-5-1 p. c. (1 At) water at 170°. (Bensch.) When heated, it car¬ 
bonises quickly without fusing, emits an animal empyreuinatic odour, 
and leaves a residue of charcoal, cyanide of sodium, and carbonate of 
soda. (Fourcroy.) By dry distillation, it yields carbonate of ammonia, 
hydrocyanic acid, pyro-uric acid, and empyreumatic oil. (Wollaston, 
Phil. Trans. 1797, 386.) — It dissolves in 1150 pts. of water at 15°, and 
in 124 pts. of boiling water, forming a solution which is precipitated by 
alkaline carbonates, and by baryta, lead, and silver salts. (Bensch.) 


NaO . 

10C . 

4 N . 

3 IX . 

5 O . 

At 100°. 

. 31-2 .. 

. 60-0 .. 

. 50*0 .. 

. 3-0 

. 40*0 . 

.. 16-40 
.. 31*55 .... 

... 29*44 
... 1*58 ... 

... 21*03 

Bensch. 

31*34 

1*75 

CWmSTaO 5 . 

. 190*2 . 

... 100-00 



At 100°. 


Bensch. 

NaO .. 

. 31*2 . 

. 15-66 

.... 15*41 

10 C .. 

. 60-0 . 

. 30*12 

... 29*99 

4 N . 

. 56-0 . 

. 28*11 


4 H . 

. 4*0 . 

. 2*01 

.... 2*13 

6 O . 

. 48*0 . 

. 24*10 



OTSra-WF’ + Aq. 199-2 . 100*00 


Neutral Urate op Lithia. — Obtained by dissolving uric acid 
and carbonate of lithia in warm water. — 1 pt. of uric acid and 1 pt. of 
carbonate of lithia form, with 90 pts. of water, at a temperature some¬ 
what above 50°, a solution which remains clear after cooling. At a 
boiling heat, nearly 4 pts. of uric acid dissolve, with evolution of carbonic 
acid, in 1 pt. of carbonate of lithia and 90 pts. of water; the solution 
thus saturated solidifies on cooling to a jelly, which becomes liquid again 
when heated, and yields by evaporation white crystalline urate of lithia,, 
free from carbonate. 1 pt. of hydrate of lithia dissolved in water, 
takes up 6 pts. of uric acid and yields the same salt. — The salt dried at 
100°, contains 171*08 pts. (nearly 1 At.) uric acid to 28*8 pts. (2 At.) 
lithia. — The salt, if not too strongly dried, dissolves in 60 pts. of water 
at 50°, without separating out on cooling; but at higher temperatures, it 
becomes yellowish and sparingly soluble. In consequence of the easy 
solubility of urate of lithia, carbonate of lithia is well adapted for 
separating uric acid from serpents’ urine, &c. (Lipowitz.) 

Urate op Baryta. — a. NevAral. — 1. Obtained by precipitating 
an aqueous solution of neutral urate of potash with a small quantity of 
chloride of barium, to remove the carbonic acid, and treating the filtrate 
with an additional quautity of chloride of barium; the salt then sepa¬ 
rates in the form of a heavy granular precipitate. — 2. By adding uric 
acid to an excess of baryta-water saturated at a boiling heat*-— The ealt 
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is heavy and granular, and exhibits in the aqueous solution a strong 
alkaline reaction. It gives off 5*69 p. c. (2 At.) water at 170°; begins to 
decompose at 180°; melts and blackens at a stronger heat, and very 
slowly burns to a white residue. It absorbs carbonic acid with avidity. 
Dissolves without decomposition in 7900 pts. of cold, and in 2700 pts. 
of boiling water. (Allan & Bensch.) 


2 BaO . 

10 c . 

4 N . 

2 H . 

4 0 . 

At 170°. 
. 153*2 . 

. co-o . 

. 56*0 . 

. 2*0 . 

. 32*0 . 

.. 50*53 .... 

.. 19*79 ,... 

.. 18*47 
.. 0*66 
.. 10*55 

Allan & 
Bensch. 
.... 49*12 

.... 20*03 

.... 0*83 

C M N 4 H 2 Ba 2 0° 

. 303*2 . 

.. 100*00 





Allan & 


At 100°. 


Bensch. 

2 BaO . 

. 153-2 .. 

. 47*09 .... 

.... 46*84 

10 C . 

. 60*0 . 

. 18*68 


4 N . 

. 56*0 . 

. 17*44 


4 H . 

. 4*0 .. 

. 1*25 


60 . 

. 48*0 .. 

, 14*94 



C 10 N 4 H 2 Ba 2 O 6 -f 2Aq. 321*2 .... 100*00 
The salt was dried in a current of hydrogen at 170° and at 100°. 

1. Acid .—Produced, with evolution of carbonic acid, when uric acid 
is boiled with water and carbonate of baryta. (Wetzlar, Bensch.) Hot 
solutions of acid urate of potash and excess of chloride of barium deposit 
the salt in the form of a white amorphous powder, which must be washed 
with hot water; it burns easily and without fusion, and is not soluble in 
water, alcohol, or ether. (Bensch.) According to Wetzlar and Kodweiss, 
the salt is sparingly soluble in water. 



At 100°. 


Bensch. 

Kodweiss. 

Berard. 

BaO. 

. 76-6 . 

.. 30*21 .... 

.... 30*08 . 

... 33-29 .. 

, 38*36 

10 Cl . 

. 60*0 . 

.. 23*G6 .... 

... 23*74 



4 N. 

. 56*0 . 

.. 22-08 




5 H. 

. 5*0 . 

.. 1*97 .... 

.... 2*18 



7 0... 

. 56*0 . 

.. 22*08 




C 10 N 4 H 3 BaO 6 + 2Aq. 

253-6 . 

... 100*00 





BOrard (Ann. Chim. P7iys. 5, 295.) 

ITit ate of Strontia. — a. Neutral . — Uric acid suspended in water 
and added to an excess of strontia-water saturated at a boiling heat, 
dissolves completely at first; but as the quantity of mic acid added 
increases, the strontia-salt separates in needles united in stellate groups. 
The aqueous solutiou has a strong alkaline reaction. The crystals dried 
at 100® give off at 165°, 11*3 pts. (not quite 4 At.) water; they begin to 
decompose at 170°, and easily burn white. They absorb carbonic acid 
with avidity. They dissolve in 4300 pts. of cold, and in 2297 pts. of 
hot water; when they are boiled with a quantity of water not sufficient 
to ^ dissolve them completely, the undissolved portion retains its compo¬ 
sition. (Allan & Bensch..) 
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• At 100°. 

2 SrO . 104 .... 35-86 

10C . CO ... 20*69 

4 N . 56 .... 19*31 

6 H . 6 . .. 2*07 

8 0 . 64 .... 22*07 


C ] WH 2 Sr 2 0 6 . 290 ... 100*00 


Allan & Bensch. 
.. 36*22 


b. Acid. — On mixing hot solutions of acicl urate of potash and 
chloride of strontium, a white amorphous powder is obtained, which is 
somewhat soluble in boiling water, but does not dissolve in alcohol or 
ether. (Bensch.) 


SrO . 

At 100°. 

. 52 .. 

.. 21*94 

Bensch. 
.... 22*79 

10 C . 

. GO 

25*32 . 

. . 26*17 

4 N . 

. 56 

23*63 


5 H. 

. 5 .. 

. 2*11 ... 

2*36 

8 O . 

64 

27*00 



C 10 N 4 H 3 SrO 6 + 3Aq.. .237 . . 100*00 


Urate of Lime. — a. Neutral. — 1. Uric acid suspended in water, 
is added to one measure of boiling lime-water till the liquid begins to 
redden litmus, the hydrate of lime, which is at first precipitated then, 
dissolving; another measure of lime-water is then added, and the mixture 
boiled, the air being constantly excluded till the salt separates as a heavy 
granular powder. — 2. A solution of acid urate of potash, completely 
freed from carbonic acid by a little chloride of calcium, and filtered, is 
gradually added to a solution of chloride of calcium, till the precipitate 
becomes permanent; the liquid then boiled for an hour, Tvhereby the 
precipitate is suddenly converted into a heavy granular powder; and this 
powder washed on the filter with hot water out of contact of air. — The 
salt, when examined by the microscope, presents the appearance of 
opaque amorphous grains; the solution has an alkaline reaction. After 
drying at 100° in a stream of hydrogen, it gives off only 1*8 p. c. water 
at 170°; it turns brown at 190°, and readily burns white. It dissolves in 
1500 pts. of cold, and 1440 pts. of boiling water. (Allan & Bensch.) 

At 100°. Allan & Bensch. 


2 CaO. 

. 56 . 

.. 27*19 .... 

.... 27*09 

10 c . 

. 60 . 

.. 29*12 .... 

.... 27*09 

4 N. 

. 56 

. 27*19 


2 II . 

. 2 . 

... 0-97 .... 

.... 1*47 

4 0 . 

. 32 

.. 15-53 


C 10 N 4 H 2 Ca 2 O 6 . 

. 206 . 

... 100*00 



b. Acid. — 1. By boiling an excess of uric acid with caustic lime or 
carbonate of lime. —160 pts. of lime-water dissolve 1 pt. of uric acid. 
— (Sclieele.) The solution of uric acid in boiling water, mixed with 
lime-water till it no longer reddens litmus, deposits the lime-salt on 
evaporation, in small shining needles and laminae. (Laugier, J. Chim. 
med. 1, 8.) By triturating uric acid with milk of lime, a filtrate is 
likewise obtained, from which hydrochloric acid throws down uric acid. 
(Pearson.) Uric acid dissolves when boiled with carbonate of lime and 
a sufficient quantity of water.— 2. By precipitating a hot solution of 
acid urate of potash with chloride of calcium, a white amorphous preci- 
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pitato is obtained, (or if tbc acid urate of potash is mixed with tlie 
neutral urate: needles united in warty masses, and perhaps consisting of 
a double salt,) which must be washed with hot water. (Benscli.)—The 
salt dissolves in 603 pts. of cold, and in 276 pts. of boiling water, and 
much more readily in water containing chloride of potassiunn (Benscli.) 
From boiling water it crystallises partially on cooling. Dissolves in 
potash-ley, leaving a small quantity of [carbonate of'/] lime; hydro¬ 
chloric acid added to the filtrate, retains part of the potash and of the 
lime, and throws down an acid, litmus-reddening salt, which, when boiled 
with water, is resolved into a less acid lime-salt and crystallising uric 
acid. (Langier.) 

(2). At 100°. Rensch. 

CaO. 28 .... 13*66 13*70 

10 C. 60 .... 29*26 29*38 

4 N. 56 .... 27*32 

5 H. 5 .... 2*44 2*66 

7 O. 56 ... 27*32 

C 10 N 4 LPCaO 6 + 2Aq.. 205 ... 100*00 

Urate of Magnesia. — a. Neutral . — Cannot be prepared, because a 
dilute solution of neutral urate of potash mixed with the boiling solution of a magnesia- 
salt, throws down a gelatinous mixture of magnesia and acid urate of magnesia (which 
may be dissolved out by boiling water). (Allan & Benscli.) 

h. Acid . — 1. Uric acid boiled with water and carbonate of magnesia, 
forms a salt which dissolves in a large quantity of water. (Wctzlar.) — 
2. A hot-saturated solution of acid urate of potash, mixed with sulphate 
of magnesia, forms at first a clear solution, but after two or three hours, 
deposits silky needles united in nodules, which may he purified by 
washing with cold water, solution in boiling water, crystallisation by 
cooling, and again washing with cold water. (Benscli) — The needles 
obtained by (2) dry up to a light powder, which, after drying at 100°, 
gives off 19*2 p. c. (6 At.) water at 170°, turns brownish at 180°, and 
burns away at a higher temperature, leaving white magnesia. It dissolves 
in 3750 pts. of cold and 160 pts. of boiling water. (Benscli.) 



At 100°. 


Bensch. 

MgO. 


.. 8*58 ... 

.... 8 f 06 

10 C. 

... 60 . 

. 25*75 ... 

.... 25*69 

4 N. 

. 56 

.. 24 04 


9 H. 


.. 3*86 ... 

. 3-9(5 

11 O. 

. 88 .. 

.. 37*77 



C 10 N 4 H 3 MgO 6 + 6Aq. ...233 ...100*00 


Double urates of magnesia and ammonia, potash, or soda cannot be prepared. 
(Alland Sc Bensch.) 

Basic urate of potash forms white precipitates with the salts of alumina and zinc- 
oxide, and brown with salts of ferric oxide. (Scheele.; 

Urate of Lead. — a. Neutral. — When a dilute solution of neutral 
urate of potash is dropt into a dilute solution of nitrate of lead, and the 
liquid, after filtration from the yellow precipitate, mixed with a fresh 
portion of urate of potash, a white heavy precipitate is obtained, which is 
easily washed. If acetate of lead were used, the precipitate would contain acetic acid. 
The salt remains unaltered at 160 °. It is not soluble either in water or 
in alcohol. (Allan & Bensch.) 
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Allan & Bensch. 

At 150°. At 100°. 


10 c . 

. 60 . 

. 16*05 .... 

.... 14*43 .. 

.. 13*91 

4 N. . 

56 

. 14*97 



2 H. 

2 . 

0*53 .... 

1*01 .. 

.. 1*09 

4 0. 

.... 32 

. 8*56 


c'wiravo 5 . 

, . . 374 . 

... 100*00 




b. Acid. — K saturated solution of acid urate of potasli forms, with 
excess of neutral acetate of lead, a white heavy precipitate, which, after 
washing with hot water, dries up to a loosely coherent powder. This 
precipitate, after drying at 100°, does not diminish in weight at 160°, is 
easily combustible, and does not dissolve in water,' alcohol, or ether. 
(Bensch ) 


At 100°. 



Bensch. 

PbO . 

.. . 112 . 

.. 39*16 ... 

.... 40*13 

10 C. 

.... 60 

.. 20*98 ... 

.... 21*39 

4 N . 

.... 56 . 

.. 19*58 


4 H . 

4 . 

. 1*40 

. 2*53 

6 0 . 

. 48 

. 18*88 


C 10 N 4 H*PbO« + Aq . 

. 230 . 

... 100*00 



Com])are G obcVs analysis. (Schtc. 58, 475.) 


Aqueous urate of potash forms, with Cupric sulphate, a green pre¬ 
cipitate, which cannot be obtained free from potash, even by long 
washing with cold water, and turns brown when boiled with water, 
while free uric acid dissolves in the water. The brown residue when 
sufficiently boiled with water and dried over oil of vitriol, becomes 
violet-coloured, and easily friable, and appears amorphous under the 
microscope. If afterwards dried at 140°, it gives off 5*57 p. c. water, 
and contains 42*79 p. c. CuO, 21*51 C, and 1*53 H. (Bensch.) [May 
not the salt, after it has turned brown, contain cuprous oxide or metallic 
copper T\ 

Acid Mercuric Urate. — The precipitate obtained by mixing corrosive 
sublimate with a boiling aqueous solution of acid urate of potash, gives 
off, when heated after drying, carbonic, hydrocyanic, and a large quantity 
of cyanic acid, but no free cyanogen. (Wohler.) 

Very dilute solutions of acid urate of potash and nitrate of silver, 
form a white, very bulky precipitate, which, during washing and drying 
gradually turns yellow, then brown, then black, and still contains a small 
quantity of potash. (Kodweiss.) If the silver-solution is in excess, the 
gelatinous precipitate becomes dark-coloured, and immediately^ turns 
black when the liquid is heated; in the contrary cases, the precipitate 
remains white, even when dry, but is decomposed by boiling water. The 
precipitate, after fourteen days' washing with cold water, which is difficult 
on account of its gelatinous consistence, and subsequent drying, contains 
9*01 p. c. KO, and 23*78 AgO; it is therefore a double salt. 

Uric acid does not dissolve in alcohol or in ether. 

It dissolves somewhat abundantly in warm aqueous Glycerine , and 
separates again for the most part on cooling; it dissolves much less 
copiously in warm aqueous Mannite } Gum-sugar, Grape-sugar, and common 
sugar . (Lipowitz.) 
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IT. Appendix to Uric Acid. 

Uroxanic Acid. C 10 N 4 H 10 CP. 

G*. Stadeler. Ann, Pham, 78, 2S6; 80, 119. 

Formation . By tlic action of Potash on uric acid (p, 405.) 

The free acid is obtained by decomposing the potash-salt with dilute 
sulphuric or hydrochloric acid. If a warm, moderately dilute solution 
of the potash-salt be used, the acid sometimes separates in very beautiful 
colourless, transparent crystals, which under the microscopo exhibit the 
form of tetrahedrons. Prom a cold or concentrated solution of the salt, 
it is generally obtained in short ill-defined prisms, arranged in concentric 
groups. 

Dried in vacuo. StiHeler. 

10 C . 60 ... 27*03 26-89 

4 N . 56 . .. 25-23 

10 II . 10 ... 4*50 4*17 

12 O. 96 ... 43 24 

C^NTi^O 12 . 222 .... 100-00 

As the amount of hydrogen found by analysis is much too low for the formula, it 
is probable that the acid analysed was partially decomposed; the formula of the acid is 
however sufficiently established by the analysis of the salts, (inf) In Stadeler’s first 
memoir, the formula of the acid was incorrectly given as C^WH^O 13 , in consequence of 
an error of calculation; hut in the second memoir, this error is corrected. 

Decompositions. 1. The acid, after drying in yacuo, gives off at a 
temperature somewhat above 100°, a small quantity of water and likewise 
carbonic acid. When kept for some time at 130°, it diminishes in weight 
by 34*8 per cent., and leaves a slightly yellowish, hygroscopic substance, 
nearly agreeing in composition with anhydrous uroxanic acid, C 10 N 4 H 8 O 10 ; 
but as the abstraction of 2HO from uroxanic acid would only diminish 
the weight by 8*11 per cent., the agreement appears to he merely acci¬ 
dental; and the acid when heated as above, doubtless also gives off carbon 
and nitrogen, probably in the form of hydrocyanato or carbonato of 
ammonia. — [Stadeler, in his first memoir, assigned to the residue obtained at 130°, 
the formula C s N 3 H70 h , and called it uroxiV].— At a higher tomperaturo, the 
acid melts to a brown liquid, gives off ammonia, an oily distillate which 
solidifies on cooling-, and probably also cyanide of ammonium, and leaves 
a small carbonaceous residue. — 2. Strong nitric acid does not act on 
uroxanic acid at ordinary temperatures, but dissolves it when heated, 
without evolution of gas; and the liquid, on cooling, deposits crystals, 
probably a product of oxidation. — 3. The acid boiled with potasli-ley is 
decomposed in the manner already mentioned (p. 465). 

Combinations. Uroxanic acid dissolves sparingly in cold water; more 
abundantly in boiling water, but with decomposition and evolution of 
carbonic acid. 

The formula of the Uroxanates is C 10 N 4 H 8 M 2 O 13 . 

Uroxanate of Ammonia. — Uroxanic acid dissolves readily in aqueous 
ammonia; and on mixing the solution with alcohol till it begins to show 
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turbidity, the ammonia-salt separates after a short time in small, ill-defined, 
four-sided tables. 

Uroxanate of Potash . — Preparation (p. 465). — Crystallises in large, 
nacreous, oblique four- sided prisms, with truncated summits; angles of the 
acute lateral edges = 83° (nearly); of the obtuse = *97°. 

At 100°, the salt driqd over chloride of calcium gives off 14*79 p. c. 
water (6 At. = 14*95). At a higher temperature, it melts, gives off 
carbonate of ammonia, and leaves a residue coloured by charcoal. The 
aqueous solution is neutral, and is not decomposed by boiling. 


Dried over chloride of calcium. 

Stadeler. 

2 KO. 

. 94*4 

. 26-75 .. 

.. .. 26*29 

10 c . 

. 60*0 . 

. 17*03 . 

. 17-20 

4 N . 

. 56*0 

. 15*90 .. 

... 15*87 

14 II . 

14*0 

. 3*98 .. 

.... 3*88 

1G O . 

. 128*0 

.. 36*34 .. 

. 36*76 

C'°N 4 H s K-0 12 + 6Aq... 

. 352*4 . 

... 100*00 ... 

. 100*00 


The salt dissolves pretty readily in cold, very easily in hot water 5 
but is insoluble in alcohol. On adding alcohol to the aqueous solution, a 
white crystalline precipitate is immediately formed, in such quantity as 
to reduce the solution to a pulp. If a gentle heat be then applied, the 
precipitate redissolves, and the salt separates on cooling in delicate 
laminae, exhibiting under the microscope the form of the original salt. 
Hence no acid-salt appears to be produced. 

Uroxanate of Baryta. — Obtained by mixing the solution of the 
ammonia-salt in excess of ammonia with chloride of barium, and adding 
alcohol; the salt then separates in flakes, which soon change to slender 
needles. 

Uroxanate of Lime . — Prepared like the baryta-salt. Four-sided 
tables. 

Uroxanate of Lead. — Separates on mixing the solution of the potash- 
salt vritli nitrate of lead, in delicate scales having the lustre of satin. 
The crystals, heated to 100°, give off 2*2 p. c. (1 At.) water. Insoluble 
in water. 

Dried at 100°. Stadeler. 

2 PbO . 224 .... 52-24 52-05 

C 10 N 4 H s O 10 . 204 .... 47*76 47*95 

CWHWO 12 . 428 .... 100*00 100*00 

Crystals. Stadeler. 

C 10 N 4 H 8 Pb 3 O u . 428 .... 97*96 

HO... 9 .... 2*04 . 2*22 

C 10 JN 1 H 8 Pb 2 0 12 + Aq . 437 .... 100*00 

Uroxanate of Silver. — By decomposing the potash-salt with nitrate 
of silver. White flocculent precipitate, which soon aggregates into 
a heavy amorphous powder. Turns red in sunshine, and when 
heated, immediately becomes brown-black, and afterwards coal-black. 
(Stadeler.) IF. 
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c. Niiro-amidogen-nudcus. C 10 N*AdH 3 . 

Guanine. 

C 10 N 5 H fl O 2 = C l0 N 4 A(iII 3 ,(y?, 


Bodo Unger. Pogg. 65, 222.— Ann. Pharm. 51, 305; 50, 58 and GO. 

Discovered and investigated by Bodo Unger in 1845. 

Sources. In all kinds of guano, abundantly intlie Peruvian, sparingly 
in tbe African. (Unger.) In tlie excrements of the garden-spider, and 
apparently also in the green organ of the river-crab, and in the Bojanian 
organ of the pond-muscle. (Gorup-Besanez & Fr. Will, Amu Pharm. 
69, 117.) 

Preparation. Guano is boiled with thin milk of lime, till a filtered 
sample no longer appears brown, but pale greenish yellow; the liquid is 
then filtered; the filtrate neutralised with hydrochloric acid; the reddish 
mixture of uric acid and guanine, which is completely precipitated after 
some hours, treated with boiling hydrochloric acid to extract the latter; 
the filtrate cooled till the hydrochlorato of guanine crystallises out; the 
crystals purified by several recrystallisations; and the guanine pre¬ 
cipitated from its aqueous solution by ammonia: the washed and dried 
product amounts to \ p. c. of the guano. The lime at the boiling heat takes 
up the brown colouring matter of the guano; it likewise sets free the potash and soda 
present in the guano, by which, chiefly the guanine and the uric acid are dissolved. 

Purification. The still yellowish guano thus obtained, is treated with 
excess of concentrated hydrochloric with the aid of heat, and the liquid 
decanted before the whole is dissolved; the undissolved portion, already 
a purer salt, is collected and repeatedly treated in liie same manner, till 
ammonia precipitates white guanine from it. 

Properties . White powder. Neutral to vogctable colours. 


10 c . 

At 125°. 

... GO 

,. 39*73 ... 

Unger. 
. 39-58 

5 N. 

.:. 70 .. 

46*36 ... 

. 46-49 

5 H. 

. 5 . 

... 3*31 ... 

. 3*42 

2 0. 


... 10*60 ... 

. 10*51 

C 10 N 5 II 6 O 3 . 

.. 151 . 

... 100*00 ... 



[Accoiding to the formula, C 10 N 4 AdH 3 O 2 , guanine is the amide of xauthie oxide : 
C W N 4 H 4 0 4 + NH 3 = ON* HW + 2HO]. 


Decomposition. Guanine digested with chlorate of potash and hydro¬ 
chloric acid, generally yields nothing but oxalic acid and ammonia, but 
sometimes also peruric acid, when left to crystallise over night. — When 
enclosed with water in a sealed tube, it does not dissolve or decompose at 
250°, excepting that a trace of ammonia is formed. 

Combinations. With Water . Hydrate of Guanine. —Sulphate of 

guanine is decomposed by contact with a large quantity of water, and the 
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precipitated hydrate separated by filtration from the dilute sulphuric 
acid, which still contains a certain portion of guanine. The hydrate 
resembles the anhydrous guanine. It retains its water at 100°, but gives 
up the whole of it, amounting to 7*1 p. c. at 125°. — Guanine does not 
dissolve in water. 

Guanine combines both with acids and with alkalis. From the 
former compounds, water extracts the acid, which, if volatile, is ^likewise 
expelled by heat. 

Bhosphate of Guanine . — Deposits from the solution in crystalline 
grains, which unite into a crust, contain 58*50 p. c. guanine, 36*28 
phosphoric acid, and 4*53 water (loss 0*6*9), and retain their water till 
heated to 125°. 

Sulphate of Guanine . — Sulphuric acid is added to guanine till the 
latter is completely dissolved; the strongly acid liquid diluted with hot 
water; and the clear mixture cooled, whereupon it yields yellowish 
needles, often an inch long, which must be washed, not with water, but 
with weak alcohol. At 120°, they give off 8*12 p. c. (=2 At.) water of 
crystallisation, and no more at higher temperatures, even above 200°. 
By a large quantity of water, they are resolved into hydrate of guanine 
and dilute sulphuric acid, which, however, still retains in solution a certain 
portion of the guanine. 


-4n20°. Ungen 

C lc, N 5 H 5 0 2 . 151 .... 75*50 75-61 

SO 3 . 40 .... 20*00 20-08 

HO. 9 .... 4*50 4-31 


C 10 N 5 H 5 O 2 ,HO,SO 3 .... 200 .... 100*00 . 100*00 

IFydrochlorate of Guanine. — a. Mono-acid. — a. Anhydrous. — Ob¬ 


tained by exposing the compound ft to a continuous current of air, or 
heating it to 100°. The residue gives off all its hydrochloric acid, 
amounting to 19*27 p. c., at 120°, while pure guanine remains behind. 

/3. Hydrated. — Crystallises from the solution of guanine in strong 
boiling hydrochloric acid, on addition of a large quantity of hot water, 
and cooling, in an abundance of slender, light yellow needles, which give 
off their water at 100° and their acid at 200°. 


Anhydrous. 


Unger. 

C 10 N 5 H 5 O s . 

151-0 .. 

.. 80-58 ... 

. 80*70 

HC1. 

36-4 .. 

. 19*42 ... 

. 19*30 

C 10 N fi H 5 O 3 ,HCl . 

187*4 ., 

... 100-00 ... 

. 100*00 


Needles. 


Unger. 

cwhw. 

. 151*0 .. 

... 73-51 ... 

. 72*69 

HC1 . 

36-4 .. 

.. 17*72 ... 

. 17*12 

2 HO .. 

18-0 .. 

. 8-77 ... 

. 10*19 

C 10 N s H 5 O 2 ,HCl + 2Aq 

205-4 .. 

.. 100*00 ... 

. 100*00 


[The needles analysed by Unger had probably some mother-liquor still adhering 
to them ; he prefers representing them by the formula: 3(C 10 N 5 H 5 O 2 ,HCl + 7Aq.] 

h. Bi-acid . — Guanine swells up, and becomes slightly heated in 
hydrochloric acid, and at a winter-temperature, absorbs, when completely 
saturated, 48*14 p. c. hydrochloric acid (100 : 48*14 =s 151 ; 72*195). 

VOL. X. 2 X 
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Nitrate of Guanine. — a. Mono-add .— Guanine dissolves easily and 
without decomposition in a boiling mixture of nitric acid of sp. gw 1*2 
and water; and tlie solution yields, on cooling, long, very fine, capillary, 
interlaced crystals, which taste sour at first and rough afterwards; redden 
litmus strongly; offloresce in the air, with loss of a portion of their acid; 
dissolve in hot water much more abundantly than in cold; and arc not 
altered by boiling the solution. 



Crystals. 


Unger, 

10 c . 

. 60 

,. 21*89 . 

... 25*11 

6 N. 

. 84 

.. 34*85 


9 11 . 

. 9 .. 

. 3*74 . 

... 3*92 

HO. 

. 88 . 

.. 36'52 


C 10 N 5 H 5 O 3 , 

NO 5 + 4Aq.... 241 .. 

. 100-00 





Unger. 

C 10 N 5 H 5 O' 2 

. 151 

.... 62-66 ... 

.... 63*1 

NO* . 

.a. .. 54 

.... 22-10 ... 

. 22*4 

Aq. 

. 36 

. .. 11-94 ... 

. 14*5 


241 ' .. 100*00 . 100*0 


b. Bi-add .—Crystallises on cooling from a solution of guanine in 
boiling nitric acid of sp. gr. 1*25, in short prisms, which effloresce in the 
air, with loss of part of their acid, and give off the whole of it when 
heated. 



Crystals. 


Unger. 

C 10 N 5 I4 5 O 2 .... 


.. 48*24 .... 

.... 48*31 

2 NO 3 . 

. 108 .. 

.. 34*51 .... 

.... 34*42 

6 HO . 

. 54 . 

.. 17*25 



C 10 N 5 H 5 O 5 ,2NO 5 + 6Aq . 313 .. 100*00 

Between these two compounds, a and b, there are two intermediate 
compounds, which crystallise out, when a nitric acid solution which 
would yield a on cooling, is mixed in a certain proportion with another 
which would yield b. One of these intermediate crystallised compounds 
may bo regarded as 3C 10 N 6 H 5 O 2 ,4NO 5 -j- 12Aq.; the other as 3C l0 N 5 H 8 O 2 ? 
5N0 3 + 16Aq. 

Soda-compound. — Guanine dissolves in aqueous soda (also in potash,) 
more readily than in acids. The concentrated soda-solution, saturated 
with guanine, and then mixed with a largo quantity of alcohol, yields 
the soda compound in confused lamina), which, after drying in vacuo, 
give off 33*26 p. c. (12 At.) water when heated above 100°; absorb 
carbonic acid rapidly from the air; and effioresco with separation of 
guanine; and when dissolved in water, even not containing carbonic acid, 
are decomposed with partial separation of guanine. 

Anhydrous. Unger. 

2 NaO. 62*4 .... 29*24 . 30 00 

C 1Q N s H 5 0 2 . 151*0 . . 70*76 70*26 

2NaO 3 C 10 N 5 H 5 O 2 . 213*4 .... 100*00 . 100*26 

Crystals . Unger. 

2 NaO . 62*4 .... 19*41 

C“N s H s O* . 151*0 .... 4G*98 

12 HO ... 108*0 .... 33* 61 . 33*26 

2NaO,C 10 N s H s O 3 + 12Aq. 321*4 ... 100*00 
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Guanine dissolves very sparingly in Baryta and Lime-water, even at 
a boiling beat. These compounds are also decomposed by the weakest 
acids, such as carbonic acid. 

Nitrate of Mercurous-oxide and Guanine. — The compound of mer¬ 
curous nitrate with nitrate of guanine forms crystals, which, when heated, 
deflagrate with emission of white fumes, but without perceptible noise, 
and dissolve sparingly in water. 

Sulphate of Silver-oxide and Guanine. — A solution of sulphate of 
guanine diluted as much as possible, forms with nitrate of silver a very 
bulky translucent precipitate, which shrinks together very much in 
drying, and leaves a hard mass of a pale flesh-colour. This mass, when 
heated in a crucible, is converted, with partial projection, into a brown 
powder, which emits an odour of sulphurous acid and cyanogen when 
ignited, and ultimately leaves silver. The flesh-coloured mass is not altered 
by boiling with sulphuric acid or with potash. When decomposed with 
zinc, it yields silver, guanine, and sulphuric acid, but no nitric acid. The 
reduced silver is black, but as soon as all the zinc is used up, and hydro¬ 
gen gas is no longer evolved, it becomes brownish green, insoluble in hot 
nitric acid, and at a red heat again gives off* the odour of sulphurous 
acid and cyanogen. 

Chloroplatinate of Guanine .—The hot-saturated solution of guanine 
in hydrochloric acid, is mixed with excess of hot concentrated bichloride 
of platinum; the mixture evaporated to one-half at 100°; and the crystals 
which form on cooling, washed with alcohol or water, and dried over oil 
of vitriol. Orange-yellow needles, and prisms of lemon-yellow colour. Over 
oil of vitriol, they become opaque and give off a trace of hydrochloric acid. 
In a current of dry air at 15°, they evolve traces of hydrochloric acid; 
then between 100° and 120°, they give off 6*51 p. c. (4 At.) water, with 
a trace of hydrochloric acid, and leave a pale lemon-yellow residue, 
which dissolves slowly in cold water, but perfectly in boiling water, 
and on cooling yields the original crystals; absolute alcohol does not 
extract any chloride of platinum from it. Zinc, with hydrochloric acid, 
separates platinum-black from the crystals, while guanine remains in the 
liquid. When the crystals are fused with carbonate of soda, cyanide of 
sodium is formed. They dissolve in water, and readily, without evolution 
of carbonic acid, in caustic potash, or soda, or their carbonates, whence 
they are precipitated by acids. 


10 c . 

Crystals. 
. GO 

. 10*66 ... 

Unger. 
.... 10*54 

5 N . 

. 70 

.. 12*43 ... 

.... 12*30 

10 H. 

... 10 

.... 1*77 ... 

.... 1 94 

2 Pt. 

. 198 

.... 35*17 ... 

.... 34*98 

6 O . 

. 48 

.... 8*53 ... 

.... 8-35 

5 Cl. 

. 177 

... 31*44 ... 

.... 31*89 

C 10 N 5 H 5 O 2 ,HCl + Ft Cl 2 

+ 4Aq 5fi3 

.... 100*00 ... 

.... 100*00 


Oxalate of Guanine. — Separates from a mixture of tlie solution of 
hydrocblorate of guanine with a tolerably concentrated solution of 
oxalate of ammonia, in crystals, which do not give off anything 
at 120°. 


2i2 
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38 C. 

Crystals . 
. 228 

.... 36-02 ... 

Unger 
... 36*00 

15 N . 

. 210 

... 33-17 ... 

.... 33-19 

19 H . 

.. .. 19 

.... 3-00 ... 

.... 3*01 

22 O . 

. 176 

.... 27*81 .... 

.... 27'80 

3C lll NHl 5 0 2 ,2C J H-0' 1 .. 

. C33 

.... 100*00 .... 

.... 100*00 


Tartrate of Guanine. — Separates from a dilute and strongly acid 
solution, in yellowish radiated nodules, which may be dried at 100°, and 
do not give off anything even at 120°. 


46 C. 

Crystals. 

. 276 .. 

. 34*98 .... 

Unger 
.... 34-78 

15 N . 

. 210 . 

. 2G-62 .... 

... 26-43 

31 H . 

. 31 ... 

.. 3-93 .... 

.... 3*98 

3-1 0 . 

. 272 ... 

.. 34-47 .... 

.... 31*81 


3C 10 N 5 H 5 O 2 ,2C 8 H 6 O 12 + 4Aq. 789 .... 10000 . 100 00 


Appendix to Guanine. 


Peruric Acid. 


Unger. Ann. Pharm. 59, G9. 

Formation and Preparation. —An intimate mixture of S pts. guanine 
and 5 pts. chlorate of potash is set aside with 25 pts. water and 30 pts. 
hydrochloric acid. At first the mixture becomes solid, from formation of 
hydrochlorate of guanine, then dissolves gradually, with evolution of 
chlorous acid gas, and' in the course of 24 hours, yields crystals of 
peruric acid. To free these crystals from an admixed amorphous sub¬ 
stance they are dissolved in hot, very dilute ammonia; the hot solution 
mixed with nitrate of silver, and quickly filtered from the precipitate of 
silver oxide and amorphous matter; the filtrate slightly supersaturated 
with nitric acid; and crystals of the pure acid obtained on cooling 

Properties. Colourless, shining, short, oblique rhombic prisms or 
plumose crystals, which are inodorous, tasteless, grate between the teeth 
and redden moist litmus paper, 9 


IOC 

4 N 

5 H 
9 O 


193 .... 100-00 


At 100°. Unger. 

. 00 .... 31 09 . 31*12 

. 56 .... 29-01 

. 5 .... 2-59 2*60 

. 72 .... 37*31 


The acid subjected to dry distillation, gives off water and a large 
quantity of cyanic acid, and leaves a slowly combustible charcoal. 

Combinations.' The acid dissolves slowly in water. It dissolves easilv 
and abundantly m caustic alkalis and their carbonates; its solution in 
ammonia does not precipitate chloride of barium or chloride of calcium 
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On pouring a solution of the acid in ammonia into solution of nitrate 
of silver, the liquid becomes acid, and yields a curdy precipitate, which, 
after washing, dries up to a white, loosely coherent powder, which does not 
blacken when exposed to light, and after drying at 100°, contains 66*3 
p. c. silver. If the acid liquid above the precipitate be exactly neutralised 
with ammonia, and then kept at a lukewarm temperature for 24 hours, 
during all which time it remains neutral, a precipitate is obtained, which, 
when washed and dried at 100°, exhibits the following composition; 


Unger. 


10C . 

. 60 

.... 14-74 

. 13*40 

4 N . 

. 56 

.... 13-75 

. 12*71 

3 H . 

. 3 

.... 0*73 

. 0*86 

2 Ag. 

..216 

.... 53*07 

.. . 56*83 

9 0. 

. 72 

.... 17*70 

. 16*20 


407 

.... 100*00 

. 100*00 


[Even if the difference between the analysis and the formula of this salt can be 
explained by the presence of an excess of oxide of silver, the improbability both of this 
formula and that of the free acid, nevertheless renders a repetition of the analysis 
desirable.] 
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Page 130. 

Action of Terchloride of Phosphorus on Alcohols , Ethers, Acids, <&c. — 

1. Terchloride of phosphorus decomposes Vinic ether at a temperature 
of ISO 0 to 200° with formation of chloride of ethyl and phosphorous acid; 

3C 4 H 5 0 + PCI 3 = 3C 4 H 5 C1 + PO 3 . 

Anhydrous ether mixes with terchloride of phosphorus at ordinary- 
temperatures, without sensible increase of heat; but the presence of 
water or alcohol, in quantities however small, causes an extremely 
violent reaction. When the anhydrous ether and the terchloride are 
heated together to the above temperature for *20 hours, in a sealed tube, 
the tube becomes covered with a thick crust of phosphorous acid, mixed 
however with phosphoric acid and red phosphorus, resulting from the 
decomposition of the phosphorous acid at the high temperature; and on 
opening tho tube, a large quantity of hydrochloric ether escapes with 
rapidity. No hydrochloric acid appears to bo formed. 

2. With absolute Alcohol, terchloride of phosphorus forms hydrochloric 
acid, phosphorous acid, and chloride of ethyl, just as it would with a 
mixture of ether and water, and the phosphorous acid afterwards acts 
upon another portion of the alcohol, forming tribasic phosphite of ethyl 
(ix. 360) and hydrated phosphorous acid; thus: 

3(C 4 H 5 0,H0) + 2 PCI 3 == 3HC1 + 2P0 3 + 3C 4 H 5 C1 

and 

3(C 4 H 5 0,H0) + 2P0 3 * 3C 4 H 5 0,P0 3 + 3H0,P0 3 . 

When the terchloride is dropfc into absolute alcohol, a violent action takes 
place, even if the retort is immersed in a freezing mixture; hydrochloric 
acid is evolved at the first instant, but its evolution soon ceases, recom¬ 
mencing however on the application of heat. The residue in the retort 
yields the phosphorous ether by distillation, in the form of a very fetid 
liquid, having an alliaceous odour. * The quantity of this ether produced 
is however but small. 

3, Anhydrous acetic acid and terchloride of phosphorus, in the ratio 
of S At. C*H 3 0 3 to 1 At. PCI 3 , heated in a sealed tube placed in the 
water-batli, yield phosphorous acid and chloride of othyl: 

3C 4 H 3 0 3 + PCI 3 = PO 3 + 3C 4 H 3 0 2 C1. 

No action takes place at ordinary temperatures; but towards 65° the 
mixture suddenly becomes turbid, from separation of a white substance, 
which becomes yellow towards 80°. No gas is evolved on opening the 
tube. The liquid portion all distils over between 55 0 and 60 , yielding 
chloride of othyl with only a trace of chloride of phosphorus. 
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4. Hydrated acetic acid acts with, tcrchloride of phosphorus, just like 
a mixture of the anhydrous acid and water: 

3(II0,C 4 H 3 0 3 ) + 2PCI 3 = 3 ITCl + 2P0 3 + 30* II 3 0 2 C1. 

The action commences, even at ordinary temperatures, with evolution 
of hydrochloric acid. On lieatiug the mixture in a scaled tube, it soon 
became turbid, and the decomposition was completed between 30° and 
40°. On opening the tube, a torrent of hydrochloric acid was evolved, 
and the liquid yielded a distillate of chloride of othyl, with a residue of 
hydrated phosphorous acid. Tcrchloride of phosphorus appears to act 
in a similar maimer on all the monobasic acids. 

5. Acetate of Ethyl and terchloride of phosphorus decompose each 
other between 160° and ISO 0 , forming chloride of ethyl, chloride of 
othyl, and phosphorous acid: 

3(C 4 H 5 0,C 4 H 3 0 3 ) + 2PCI 3 = 3C l H 5 Cl + 3C l H 3 0 2 Cl + 2P0 3 

No action takes place in the cold or at 100°; but at the temperature 
above mentioned, the tube becomes coated with phosphorous acid, and 
the action is complete in about 24 hours. (A. Becliamp, Compt, rend. 
40, 944; 41, 23.) 

From these experiments, Becliamp concludes that alcohol and the 
ethers of the monobasic acids are compounds of the same order, and 
formed by the union of oxide of ethyl with water, or with the anhydrous 
acid; moreover, that the hydrated and anhydrous monobasic acids stand 
to one another in the same relation. 


Page 179. 

Organic Bases containing Phosphorus. 

A. Cahoubs & A. W. Hofmann. Compt . rend. 41, 831; Ghent. Gaz . 

1855, 11. 

P, Thenard (vii. 328), by acting upon phosphide of calcium with 
chloride of methyl, obtained certain compounds containing methyl and 
phosphorus, viz. P a Me, PMe 2 , PH 2 Me and PMe 3 . Cahours and Hofmann, 
by following a similar mode of proceeding, with phosphide of sodium and 
iodide of methyl, have also obtained tho compounds PMe 2 and PMo 8 , and 
likewise PMe 4 I, a beautifully crystallised substance, corresponding with 
iodide of tetramethylium. This mode of preparation however is difficult 
and dangerous, inflammable and detonating compounds being formed, 
and complex products obtained, which are very difficult to separate. 

[F. Berle (/. pr. Chem. 66, 78), by acting upon phosphide of 
sodium with iodide of ethyl, has obtained triphosphethylmiine (or 
triethyphosphine), PAe 3 , in the form of a yellow, strongly fuming liquid, 
which, when heated with iodide of ethyl, forms a crystalline mass, 
consisting of PAe 4 I, (iodine by analysis 45*5 and 47*8 p. c.; by calcu¬ 
lation 46*3). — A better result was obtained by heating a mixture of 
phosphorus, sodium, and iodide of othyl, in a sealed tube/ The resulting 
crystalline mass, purified by recrystallisation, first from alcohol and 
ether, then from water, yielded needles containing 67*8 p. c. iodine; the 
formula PAe 3 I,HI requires 67*2 p. e. On trying tho same experiment 
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on a larger scale, a violent explosion occurred.—Phosphorus, heated 
with iodide of ethyl, dissolves in considerable quantity, but does not 
form any basic compound. (Berle.)] 

A better mode of preparation is furnished by the action of terchlorido 
of phosphorus on zincmethyl, zincethyl, and zineamyl. When one of 
these substances is placed in a U-tube filled with carbonic acid, and 
vapour of terchloride of phosphorus passed through it, the mass becomes 
strongly heated, and a viscous substance is formed, which solidifies 
completely on cooling. This solid mass is a compound of chloride of 
zinc with triphosphomethylamine, triphosphethylamine, triphosphamyl- 
amine, &c., e. g, 

PCI 3 + 3C 2 H 3 Zn = 3ZnCl + P(C 2 H 3 ) 3 . 

These compounds, distilled with an excess of strong potash-solution, 
yield chloride of potassium and zincate of potash, which remain in the 
retort, and volatile oily distillates, having a peculiar odour something 
like that of the arsenic bases, possessing very decided alkaline properties, 
and consisting of triphosphomethylamine, &c. These bodies form with 
acids, crystallisable and very soluble salts. Their hydrochlorates form 
with bichloride of platinum, orange-coloured, very soluble compounds, 
which, by slow evaporation, may be obtained in beautiful crystals. 

Triphosphomethylamine in contact with iodide of methyl, becomes 
strongly heated, and yields a concrete substance, a considerable portion 
of which dissolves in alcohol, and separates out on evaporation in long 
white needles of iodide of tetraphosphomethylium , P(C 3 H 3 ) 4 I. — Iodide 
of ethyl acts in the same manner, but less energetically, forming 
P(C a H 3 ) 3 (C 4 H 5 )I, which is isomorplious with the preceding.—In like 
manner, iodide of amyl forms P(C 3 H 3 ) 3 (C 10 H n )L 

Triphosphethylamine, treated in a similar manner with the iodides 
of the alcohol-radicals, yields the compounds PAe 3 MeI, PAe 4 I, PAe 3 AmI. 
The second of these compounds forms very fine crystals. — Triphospha- 
mylamine also yields corresponding compounds. 

All these iodides are easily decomposed by oxide of silver, yielding 
hydrated oxides, which neutralise hydrochloric acid, and form beautiful 
crystalline compounds with bichloride of platinum, e. g ., P(C 2 H 3 ) 4 C1, 
PtCP. 

Tlio preceding iodides, treated with nitrate, sulphate, &c, of silver, 
yield iodide of silver, and the corresponding salts of the phosphorus- 
bases. 

Terchloride of arsenic acts upon zinc-methyl, &c. in the same manner 
as terchloride of phosphorus, yielding triarsenmethylamine , triarsemthyl- 
cmiine , &c. Chlorido of bismuth appears to act in the same manner. 
(Cahours & Hofmann.) 


Page 257. 

Oxide of Methyl . — Gaseous oxide of methyl (hydrate of methylene) 
liquefies when passed into a tube cooled to - 36° by a mixture of snow 
and chloride of calcium. The resulting liquid distils at — 21°, and 
disappears completely, reproducing the original gas. During the lique¬ 
faction, a few small bubbles of gas are evolved, consisting of oxide of 
carbon, formed in the preparation of the methylic ether by the action of 
sulphuric acid on wood-spirit. (Berthelot, F. Ann, Ghim, Phys, 44, 348.) 
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Page 259. 

Preparation of Methjlic Alcohol — Kane’s processor the propagation 
of methylic alcohol, by saturating crude wood-spirit with chloride of 
calcium and distilling with water, yields but a small quantity of the 
pure product, in most cases not moro than 2 or 3 oz. from a gallon of the 
crude wood-spirit. A much better result is obtained by first treating 
the crude spirit with a caustic alkali. When crude wood-spirit is 
mixed with an equal volume of a strong solution of caustic potash or 
soda, a tolerably strong action takes place, accompanied by a rise of 
temperature and formation of a homogeneous solution, which, when 
distilled, yields a distillate containing a considerable quantity of methylic 
alcohol, and a residue consisting of acetate of potash or soda, with a 
small quantity of resinous matter. On desiccating the distillate with 
carbonate of potash, saturating with dry chloride of calcium, and dis¬ 
tilling at 100° to remove oils and acetone, then decomposing the com¬ 
pound of methylic alcohol and chloride of calcium by water iu the usual 
manner, and dehydrating the distillate with quick-lime, a quantity of 
pure methylic alcohol is obtained, very much larger than that which 
can be procured without the use of caustic alkali. (W. Gould, (Jhem. Soc. 
Qu. J. 7, 312.) 

The liquid distilled from the methylated chloride of calcium was treated with a 
solution of caustic of potash, which separated some oils, mixer! with acetone and a small 
quantity of methylic alcohol. Iu the fust treatment by caustic alkali, the oils and 
acetone had been held in solution by the greater quantity of methyl-alcohol then present. 
The potash-solution was distilled, and the distillate, after desiccation, separated by 
chloride of calcium into methyl-alcohol and acetone, the latter being soluble m water, 
from which it was again separated by chloride of calcium or potash. — The oils and 
acetone were separated by mixing with water, which dissolved the acetone, the oils 
separating out and floating on the surface. The acetone was precipitated from its aqueous 
solution by potash, and thereby separated from a small quantity of methylic alcohol 
which had dissolved in it. 

- It appears from the preceding, that methylic alcohol and acetic acid are the principal 
substances contained in crude wood-spirit, acetone and oils being also present in com¬ 
paratively small quantities. (Gould.) 


Page 269. 

Production of Formic acid from Carbonic oxide .—When carbonic 
oxide gas is made to act at a high temperature on hydrato of potash, it 
is absorbed and foriuiate of potash is pro.lucod : 

2CO + KHO 2 CntllOK 

10 grammes of slightly moistened hydrato of potash are introduced into 
a number of flasks of i litre capacity, the flasks thou filled with carbonic 
oxide, sealed before the blowpipe, and boated in a water-bath for 
70 hours. On subsequently opening the flasks uuder mercury, tho 
carbonic oxide is found to be completely absorbed; and on dissolving the 
contents of the flasks iu water, a solution is obtained, which, when 
supersaturated with sulphuric acid and distilled, yields aqueous formic 
acid. (Berthelot, Compt. rend. 41, 955; Ann . Pharm . 97, 125.) 
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Page 285. 

S elenmethyL C 3 H 3 Se. 

P. Wohler & J. Dean. Ann. Pharm. 97, 5. 

Preparation . By distilling a solution of sulphomethylate of baryta 
with selenide of potassium. Selenium was converted into selenious acid 
by oxidation with nitric acid; the solution evaporated to complete dry¬ 
ness, and till the selenious acid began to sublime; the acid dissolved in 
water, and neutralised with carbonate of potash; a sufficient quantity of 
line charcoal-powder shaken into the liquid; and the whole evaporated 
to dryness. The mixture was then transferred to a glass retort, and 
gradually heated over a charcoal lire, till the selenite of potash was 
reduced to selenide of potassium, which reduction took place at a tempe¬ 
rature considerably below redness, suddenly, and with bright incan¬ 
descence and semi-fusion of the mass. After complete cooling, the retort 
was broken, the mass added to the solution of sulphomethylate of baryta, 
the mixture quickly distilled, and the product purified by redistillatiou. 

Properties. Reddish yellow, very mobile liquid, heavier than water 
and insoluble therein. Its odour is as disagreeable as that of sulphethyl, 
tellurethyl, <&c. It is very inflammable, and burns with bluish seleniiun- 
flame. 

Methylo selenious acid. C 2 II 4 Se 2 0 G = C 2 H 4 0 2 ,2Se0 2 . —Selenmothyl is 
readily dissolved by nitric acid, with evolution of heat. The solution 
does not yield any precipitate with hydrochloric acid; sulphurous acid 
reduces selenmethyl from it, in the form of an oily liquid. On attempt¬ 
ing to concentrate the solution by evaporation, nitric oxide is sometimes 
evolved, and a very violent action takes place, which may increase to 
such a degree as to set fire to the liquid, and decompose ifc completely, 
with evolution of vapours which are intolerably irritating to the eyes. 
But by very carefully regulating the heat, the solution may bo concen¬ 
trated to a syrup; it then on cooling yields beautiful groups of colourless 
prisms, and the entire mass suddenly solidifies in the crystalline form. 

The crystalline body thus obtained is inethylosclonious acid. It lias 
a strong acid reaction, an unpleasant odour, and persistent metallic taste; 
deliquesces in the air; dissolves readily in water and alcohol; melts 
at 122°; solidifies again in the -crystalline form; and when heated in the 
air, burns with the blue flame of selenium. When heated in a tube, 
it gives off very irritating vapours, and yields a reddish yellow oil, 

' together with fused selenium. Hydrochloric acid docs not alter the 
solution; sulphurous acid throws down from it a very dark yellowish red 
fetid liquid, probably biselenide of methyl. 

With Ammonia the acid forms a crystallisable salt, from whose solu¬ 
tion chloride of barium throws down the methyloselenite of baryta , in the 
form of a white crystalline precipitate. 

Silver-salt . C 2 H 3 Ag0 2 ,2Se0 2 . — Obtained by saturating the acid with 
carbonate of silver. Sparingly soluble in cold water; from a solution pre¬ 
pared at the boiling beat, it separates in groups of beautiful prisms, 
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having a glassy lustre. When exposed to light or heated, it quickly 
blackens, and selenide of silver is reduced, oven from its solution, by 
continued heating. Heated, even slightly in a glass tube, it yields 
selenium and selenide of silver. Two silver-determinations gave 45*8 
and 45'9 p. c. silver, -whereas the formula requires 43*2 p. c.; but the 
precipitated chloride of silver was always black after fusion, from the 
presence of selenide of silver, a selenium-compound being precipitated 
simultaneously with it. 

Ghloromethyloselenious acid. — C 3 IPC10,2Se0 3 . — A solution of me- 
fhyloselenious acid, mixed with hydrochloric acid and evaporated, yields 
beautiful transparent prisms of the chlorinated acid, which do not deli¬ 
quesce on exposure to the air. The acid has a very unpleasant taste and 
odour. It melts between 88° and 90° into a brown oil, therefore with 
partial decomposition, and afterwards solidifies in the amorphous state. 
When heated in a tube, it yields reduced selenium and a yellow oil. 
Dissolves readily in water and alcohol. Sulphurous acid added to tho 
solution, throws down a dark red oil. Has a strong acid reaction; but 
in contact with bases, it is decomposed, with formation of a chloride and 
a methyloselenite; e. g. with oxide of silver : 


; 2 H 4 C10,2Se0 2 

+ 2AgO a® AgCl + 

C-'H 3 Ag0 2 ,2Se0' i + IIO 



Wohler & 

Dean. 

2 C. 

. 12’0 . 

.. 7*0 .... 

.... 7*: 

4 H. 

. 4*0 . 

.. 2*3 .... 

.... 3*; 

Cl. 

. 35*4 .. 

.. 20*7 .... 

.... 20* 

2 Se. 

. 80*0 .. 

. 46*7 .... 

.... 45*; 

5 0. 

. 40’0 . 

.. 23*3 



C 2 H 4 C10,2Se0 2 ... 171*4 .... 100*0 

(Selenide of ethyl, C 4 H 5 Se, probably forms a similar chlorinated acid. At all 
events, the crystals which Joy obtained (viii, 357) by leaving chloride of sclenethyl in 
contact with a mixture of nitric and hydrochloric acid, exhibited a composition not 
differing greatly from the formula C 4 H G C10,2S0 2 , which requires 12*9 p. c. C, 3*2 H 
and 19*1 Cl.) 

Bromomethyloselenious acid. — C 4 H G Br0,2Se0 3 .— Produced when a 
solution of the chlorinated acid is mixed with hydrobromic acid and 
evaporated. Crystallises in yellowish prisms, and fuses readily into a 
liquid having the apearance of bromine. 

Iodomethyloselenious acid. — C 4 H fl I0,2Sc0 3 .— Obtained by mixing 
the chlorine-compound with hydriodic acid or iodide of potassium. Forms 
a heavy black liquid, Jhaving a greenish metallic lustre, and solidifying 
after awhile in the crystalline form. Has a very unpleasant odour. 
Dissolves readily in hydriodic acid and in iodide of potassium. Dissolves 
also in alcohol; and when the alcoholic solution is left to evaporate, the 
compound volatilises completely without leaving any residue. (Wohler 
& Dean.) 
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Telluromethyl. C 2 H 3 Te. 

F. Wohler & J. Dean. Ann. Pkarm. 93, 233; Chem. Soc. Qu . J. 

8, 164. 

Formation and Preparation . By distilling telluride of potassium 
with sulphomethylate of baryta, the distillation being continued as long 
as drops of oily liquid pass over with the water, and the process con¬ 
ducted altogether as for the preparation of tellurethyl. (viii. 383.) 

Properties. Pale yellow mobile liquid, which sinks in water, and 
does not mix with it. Boils at 82°, forming a yellow vapour like tellu¬ 
rium itself. Bias an extremely disagreeable alliaceous odour, which is so 
intense and persistent, that even the breath is affected by it after some time. 

Calculation. 


2 C . 12 .... 15-19 

3 H. 3 ... 3*80 

Te. 64 . 81*01 


OdFTe . 79 .... 100*00 


Decompositions. Telluromethyl fumes in the air from oxidation. 
When set on fire, it burns with a bright bluish-white flame, diffusing 
white fumes of tellurous acid. Strong nitric acid oxidises it, with evolu¬ 
tion of nitric oxide. 

Combinations. Telluromethyl behaves with oxygen, chlorine, &c. 
like a radical or a metal, forming a basic oxide and analogous haloid- 
compounds. 

Oxide of Telluromethyl. C 2 H 3 Te,0. — Obtained by decomposing the 
chloride or iodide with oxide of silver. Either of these compounds is 
moistened with water, and oxide of silver, recently precipitated by baryta- 
water and well washed, added in excess, whereupon decomposition 
begins immediately, and the mass becomes spontaneously heated. The 
filtrate contains the oxide in solution. 

Oxide of telluromethyl is indistinctly crystalline when dry. Has 
an abominable taste, but is inodorous. Deliquesces in the air like potash, 
and absorbs carbonic acid. Its aqueous solution is strongly alkaline to 
test-paper; eliminates ammonia from sal-ammoniac, even at ordinary 
temperatures, and forms a blue precipitate with sulphate of copper. 
Sulphurous acid added to the solution immediately throws down telluro¬ 
methyl, in the form of an oily stinking liquid; hydrochloric acid preci¬ 
pitates the white chloride; liydriodic acid the red iodide. On saturating 
the aqueous oxido with sulphuretted hydrogen, a slight milky turbidity 
is produced; and on distilling the liquid, white sulphur separates out, 
and a yellow oil passes over, which appears to be merely reduced 
telluromethyl. 

Sulphate of Telluromethyl } formed by directly saturating the base 
with the acid, crystallises in very regular transparent cubes of consi¬ 
derable size. It dissolves readily in water, but is insoluble in alcohol. 

Iodide. — When colourless liydriodic acid, or iodide of potassium, is 
dropt into a solution of nitrate of telluromethyl, a precipitate is formed 
of a bright lemon-yellow colour, but changing in a few seconds to ver- 
million-red. If the solutions are mixed warm, the precipitate exhibits 
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at once a red colour and crystalline structure. When dry, it forms a 
vermillion-coloured powder. — The compound dissolves sparingly in cold, 
much more freely in hot water, and abundantly in hot alcohol, forming 
a reddish yellow solution. From both solutions, it crystallises in small 
shining, vermillion-coloured prisms, which arc largest when they sepa¬ 
rate from the alcoholic solution. They yield an orange-yellow powder. 
Under the microscope, they appear orange-yellow by transmitted light, 
but certain faces exhibit a fine blue surface-colour. — It appears to bo 
dimorphous, like iodide of mercury; for, on mixing the cooled alcoholic 
solution with about an equal volume of water, the iodide is precipitated, 
of a lemon-yellow colour; but in a few minutes, a movement of the par¬ 
ticles is observed throughout the liquid, and the precipitate soon assumes 
the character of vermillion-coloured, crystalline lamina). The yellow 
variety cannot, however, he obtained in a permanent form; for the 
alcoholic solution yields red crystals by evaporation, and the compound 
cannot bo melted without decomposition. Even at 130°, it is converted 
into black iodide of tellurium. 

Wohler & Dean. 


2 C. 

. 12 . 

... 5*8G .... 

5*40 

3 II . 


... 1 '40 .... 

... 1*G1 

Tc ... 

. G4 

.. 31*22 .... 

.... 31*2 1 

I. 

. 12G 

... 61 *40 .... 

. .. 01*54 

C'-tPTel. 

. 205 . 

... 100*00 .... 

99-70 


Bromide. C 2 H 3 TeBr.— Prepared like the chloride, which it closely 
resembles, and with which it is probably isoinorphous. Forms shining, 
colourless prisms, which melt at 89°. 

Chloride. C 4 H 5 TeCl. — Obtained as a thick white precipitate, resem¬ 
bling chloride of lead, on adding hydrochloric acid to a solution of the 
nitrate. Redissolves when heated, and crystallises on cooling in long 
thin prisms, like corrosive sublimate. When prepared from the amorphous 
nitrate (w/.), it contains tellurous acid, mixed or combined. Melts at 97*5° hut 
appears not to be volatile without decomposition. Solidifies from fusion 
in a mass having a highly crystalline structure. Does not distil over 
with water, but its heated aqueous solution has a faint alliaceous odour. 
Does not form any prccipitato with bichloride of platinum. Dissolves 
readily in alcohol. 

Oxychloride. C 2 H 3 TeCl,C 2 H 3 TeO.—Formed by dissolving the chloride 
in ammonia. ^ On evaporating and digesting the residue of sal-ammoniac 
and oxychloride in alcohol, the latter dissolves and separates from the 
solution in short colourless prisms. Hydrochloric acid added to tho 
solution precipitates the chloride. 

Sulphochloride. C 2 H 3 TeS,C 2 H 3 TeCH—Sulphuretted hydrogen passed 
through a solution of the chloride, forms a white flocculcnt precipitate, 
which afterwards turns yellowish, the liquid at the same time acquiring 
an extremely repulsive odour. . If it be then distilled, there passes over 
with the water, a heavy oily liquid, having a reddish yellow colour and 
extremely offensive odour, and yielding sulphuric acid when oxidised 
with aqua-regia. 

Nitrate.* C 2 H 3 Te0,N0 5 . — Telluromethyl, heated with moderately 
strong nitric acid, dissolves partially at first, with reddish yellow colour; 
but after a while, a violent reaction ensues, attended with evolution of 
nitric oxide, and a colourless solution of the nitrate is obtained, which by 
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careful evaporation, yields tlie salt in large colourless prisms. Sometimes, 
however, probably when the add is too strong or in too great excess, the salt is obtained 
on evaporation, not in crystals, but in the form of a transparent amorphous mass, con¬ 
taining tellurous acid, mixed or combined, and arising piobably from decomposition of a 
portion of the telluromctliyl. — Tho nitrate dcconiposes with explosion if 
heated. It dissolves readily in water and alcohol. The aqueous solution, 
mixed with liydriodic, hydrobromic, or hydrochloric acid, yields a pre¬ 
cipitate of the iodide, bromide, or chloride of tclluromethyl. 

Oxide of telluromethyl dissolved in hydrocyanic acid does not form a cyankle of 
telluromethyl: on evaporating the solution, the base remains in its original state. 
(Wohler & Dean.) 


Page 287. 

Chloride of Methyl. — Gaseous chloride of methyl (or hydrochlorate 
of methylene) liquefies at —36°, without any evolution of gas. The 
resulting liquid boils at —22°, reproducing the gas; and by the time the 
temperature has risen to —20°, nearly the whole has distilled over. 
A small quantity of a liquid, however, generally remains, free from chlorine, insoluble 
in water, and probably arising from some impurity in the wood-spirit. 

Chloride of methyl passed through a glass tube filled with pumice- 
stone and heated to dull redness, scarcely undergoes any decomposition; 
at a bright red heat, an abundant deposit of charcoal is formed on the 
pumice-stone, and a liquid condenses beyond the tube. The gaseous pro¬ 
ducts are comparatively small in quantity {compare vii, 287.) The gases 
obtained both at the dull and at the bright red heat, were found, after 
being washed with a large quantity of water, to undergo scarcely any 
diminution by the action of bromine. —100 pts. of the gas collected at a 
dull red heat, yielded 74 pts. of carbonic acid; the total absorption 
amounted to 229 pts. — 100 pts. of the gas collected at a bright red heat, 
yielded 73 pts. of carbonic acid; the total absorption amounted to 232 pts. 
This gas, treated with bromine and then analysed again, yielded the same 
results. Hence the gas contains 53 p. c. marsh-gas, 18 carbonic oxide, 
and 27 hydrogen. The oxide of carbon is probably due, either to a small 
quantity of moisture, or to the formation of a small quantity of oxide of 
methyl, together with the chloride. (Berthelot, N. Ann. CMm, Phys . 
44, 349.) 


Page 30 G. 

Spontaneous Decomposition of Sidphomethylates. — A mixture of the 
dry crystallised sulphom ethylates of baryta and lime, set aside in a 
loosely stopped bottle and exposed to daylight for 22 months, was found 
to have diminished in hulk by one-third, the upper portion of the contents 
being a yellowish acid liquid of disagreeable odour, the lower a white 
apparently amorphous substance, surmounted by a crystalline crust, from 
which sprung numerous distinct crystals, having their summits turned 
towards tho [light. — These crystals consist of sulphate of lime, 
CaO,S0 3 + 2Aq; they belong to the oblique prismatic system; their hard¬ 
ness is between 1*5° and 2°; sp. gr. between 2-21 and 2*3525; lustre 
pearly in some aspects, vitreous in others. The crystalline crust, from 
which the prismatic crystals rose, also consisted of this salt. The white 
amorphous powder was sulphate of baryta, intermixed, however, with 
botryoi’dal masses of granular sulphate of lime, 2(Ca0,S0 3 ) + Aq. 
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Tlio yellow liquid was a mixture of sulphovinic and sulphuric acids, 
with water and a small quantity of an oily odorous liquid. "When neutralised 
with carbonate of baryta, it yielded, after separation of the sulphate of 
baryta, and subsequent evaporation and rccrystallisation, crystals of sul- 
phomethylate of baryta, which, when dried between paper> were found 
to contain 38*66 p. c. baryta, agreeing with the formula C 2 IPBa0 2 ,2SQ 3 
q-2Aq, which requires 38*76 p. c. The same salt, dried at 100°, con¬ 
tained 42*60 p. c. baryta, agreeing with tlio formula C 2 H 3 J3aO a ,2BO' 1 , which 
requires 42 *65.— The saturated solution of this sulphomcihyhto is not 
altered by prolonged ebullition, and the crystals may be heated to 100° 
without becoming acid or otherwise decomposing. It this respect, the 
salt differs remarkably from the ordinary sulphomcthylate of baryta 
(vii, 306), although agreeing with it in constitution; it is, in fact, the 
homologue in the methyl-series of the stable sulphovinatc (parathionate) 
which Gerbardt (Compt. chim. 1845, 176) obtained by repeatedly boiling 
and neutralising with carbonate of baryta, the aqueous solution of the 
ordinary sulphovinate, and which has more recently been identified by 
Berthelot (A r . Ann . Chim. Pliys. 45, 392) with the sulphovinate obtained 
by saturating with carbonate of baryta the mixture of 4 vol. sulphuric 
acid and 1 vol. alcohol used to prepare olefiant gas, or the solution of 
that gas in oil of vitriol. Tins view is further confirmed by the fact, 
that protonitrate of mercury, added to a strong solution of ordinary sul¬ 
phovinate or sulphomethylate of baryta, forms a grey or slaty pre¬ 
cipitate; whereas, with Gerhard t’s parathionate, with the sulphom ethyl ate 
obtained by the same method, and with the stable sulphomcthylate abovo 
mentioned, the precipitate is white. The acid of tlio stable sulplio- 
methylate may, for distinction, be called /3-Sulphomethylic acid. (A. Ii. 
Church, Phil. Mag. [4], 10, 40.) 

Action of Water on Sulphomeihylates. — When sulphomcthylate of 
silver, iodide of methyl, and absolute alcohol are placed together in a 
sealed tube, and somewhat strongly heated in an oil-bath, iodide of silver 
is formed, and on opening the tube, a certain quantity of sulphomcthylate 
of methyl may be obtained by distillation: 

C A 2 f}2SO> + OTI = Agl + cnpjsso 

This sulphomcthylate *of methyl appears to be identical with the sulphate 
of methyl obtained by distilling wood-spirit with oil of vitriol. Both 
these products, when placed in water, are decomposed slowly at ordinary 
temperatures, but almost instantaneously at 100°, the products being 
methylic alcohol and /3-sulphomethylic acid. 

+ 2HO = OTO ! + C 7}2S0 

In whatever way the methylic sulphate may be prepared, and its trans¬ 
formation in contact with water effected, /3-sulphomethylic acid appears 
to be invariably produced. Only in one instance was a small quantity 
of acid obtained which yielded a baryta-salt, decornposiblc at 100 . 
The modified sulphometliylic acid is obtained in the purest state when 
sulphate of methyl is decomposed by water at the ordinary summer 
temperature; at higher temperatures, secondary products are also formed, 

* Sulphomethylate of ethyl (or sulpliethylate of methyl), treated with 
water in a similar manner, yields methylic and vinic alcohols, together 
with yS-sulphomethylic and ^-sulphovinic (paratliionic 1) acid: 

2 (^}2SO<) + 4HO - C 2 H 4 0 2 + C’H'O- + 2S0 1 + ^‘JaSO* 
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When sulphom ethylate of haryta is subjected to the action of boiling 
water, sulphate of methyl is first formed, and then decomposed as above. 
(Church, Phil. Mag. [4], 11, 68.) 


Page 308. 


Methylotetrasul'phuric Acid . C 2 H 4 ,4S0 3 . — Formed by the action of 

fuming sulphuric acid on acetonitrile (cyanide of methyl): 

C 4 H 3 N + 5HS0 4 = C 2 H 4 ,4S0 3 + NH 4 ,S0 4 + 2C0 2 . 

When acetonitrile and fuming sulphuric acid are rapidly mixed, and the 
liquid rather strongly heated, carbonic acid is abundantly evolved,* and the 
residual mass, which is tough and resinous, yields, when treated with 
water and boiled with an excess of carbonate of baryta, a magnificent 
crystallisation of methylotetrasulpkate of baryta , C 2 (H 2 Ba 2 )4S0 3 -f-4Aq. 
This is a very stable salt. It does not lose weight at 100°, but gives off 
its 4 At. water at 170°. No further alteration takes place at 170°, but 
at a stronger heat, the salt is resolved into water, sulphide of barium, 
sulphurous acid, sulphur, and carbonic oxide. 

The free acid is obtained by precipitating a solution of the barium- 
salt with sulphuric acid, or by decomposing the lead or silver salt with 
sulphuretted hydrogen. Crystallises in long needles, very soluble and 
deliquescent. Has a sharp taste, with somewhat of the flavour of 
tartaric acid. 

Calculation. 

2 C . 12 6*82 

4 H . 4 2*27 

4 SO 3 . 160 90*91 


C 2 H 4 ,4S0 3 . 176 . 100*00 

May be regarded as marsh-gas associated with 4 At. sulphuric acid. The change 
which the acetic molecule undergoes in the formation of this compound under the 
influence of sulphuric acid, is the same as that which it suffers under the influence of an 
alkali. In both cases, the molecule splits up into marsh-gas and carbonic acid (ix. 294) ; 
only in the latter case, it is the carbonic acid which is fixed, while in the former, the 
marsh-gas remains in combination. 

Ammonia-salt. C 2 [H 2 ,(NH 4 ) 2 ],4SG 3 . — Obtained by neutralising the 
acid -with ammonia, —or by the action of fuming sulphuric acid on 
acetamide (ix, 24G), which differs from acetonitrile only by 2HO. Crys¬ 
tallises with great facility in colourless prisms, sometimes an inch long. 
They are anhydrous, and perfectly stable at 1 DO . 

Silver-salt. C 2 (H 2 Ag 2 )4S0 3 . — Obtained by digesting oxide of silver 
with the aqueous acid. Forms large crystals, which dissolve readily in 
water, but are insoluble in alcohol and ether. . , , 

When fuming sulphuric acid, instead of being suddenly mixed with 
acetonitrile, is added to it in small quantities, and the mixture cooled 
after each addition, a different action takes place, the nascent acetic acid 
simply combining with 2 At. sulphuric acid, producing the sulpluKetic 
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acid which Melsens obtained (viii, 436), by the action of anhydrous 
.sulphuric acid on glacial acetic acid: 

C 4 II 3 N + 2110 + 3IIS0 1 = C 1 H' 1 0 4 ,2S0 3 + NH 4 ,S0 4 . 

Sulpbacetic acid. 

By addition of water and saturation with carbonate of baryta, crystals 
are obtained, consisting of sulphacetate of baryta. (G. B. Buckton & 
A. W. Hofmann, Proc . Roy. Soc . 7, 544.) 


321. 

Penta-iodide of Tetramethylium. (C 2 H 3 ) 4 N,I 5 . — An alcoholic solu¬ 
tion of iodine added to a heated solution of proto-iodide of tetramethylium, 
throws down the penta-iodide in an abundant crop of needles, having a 
metallic lustre. 

Weltzien. 


8 C . 

. 48 .. 

... 6*82 .... 

era 

CD 

N . 

. . .. 14 .. 

„. 1*99 


12 H. 

. 12 .. 

„ 1*70 ... 

.... 1*90 

51 . 

. 630 

... 89*49 .... 

.... 89*05 

C 8 NH 13 1 5 . 

. 704 . 

... 100*00 



This compound is decomposed by boiling with water, yielding a 
yellow liquid, from which white, opaque, well-formed crystals of proto¬ 
iodide of tetramethylium, C 8 NH 13 I, separate; and on the other hand, still 
higher iodides are probably formed. The crystals of the proto-iodide 
yielded by analysis 23*72 p. c. C, 6*28 H, and 61*38 I; the formula 
requiring 24 p. c. C, 6 H, and 63 I. (Weltzien.) 

Deca-iodide of Tetramethylium. (C 2 H 3 ) 4 N,I 10 . — On adding iodine to 
a boiling solution of the penta-iodide in dilute alcohol, there was formed 
at the bottom of the boiling liquid, a melted mass, which crystallised on 
cooling, and gave off iodine-vapours when exposed to the air. 

Weltzier. 


8 C. 

. 48 ... 

„ 3*60 

N . 

. 14 .., 

. 1*06 

12 H . 

. 12 ... 

.. 0*90 

10 I. 

. 1200 .. 

.. 94*44 


CSNH 12 ! 10 ... 1334 .... 100*00 


The compound ammoniums containing 4 At. Me, Ae, &c., whose 
compounds are not volatile, and whose hydrated oxides bear a close 
resemblance to potash, appear to he the only ones capable of forming 
these periodides. The solution of iodine in iodide of potassium may r 
perhaps, contain similar periodides of potassium. (Weltzien, Ann. Pharm* 
91, 41.) 
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Page 339. 

Bromoform. C 2 HBr 3 . —* In the preparation of bromine from the last 
portions of the mother-liquor obtained from the Schonebecksait-spring, 
there distils over, together with the free bromine, an oily liquid, which, 
being less volatile than bromine itself, remains in the first of the series of 
receivers used to condense the products. This substance was formerly 
regarded by Hermann as a definite compound C 2 HBr 2 , the variations in its 
boiling point being attributed to the facility with which it decomposes; 
but later experiments, performed with a larger quantity of material, have 
shown that this view is incorrect, and moreover that the liquid cannot 
be brought to a definite state by fractional distillation, even in an 
atmosphere of carbonic acid. By subjecting the liquid, however, to the 
following treatment, a definite compound is obtained from it. 

The oily liquid cooled to — 20° C, by a mixture of ice and salt, soli¬ 
difies for the most part in white shining crystalline laminae. To purify 
the^e, the mother-liquor is carefully decanted, the crystals melted, again 
crystallised and separated from the mother-liquor, and these operations 
several times repeated. The solidified mass, after being freed as com¬ 
pletely as possible from the mother-liquor, is then introduced into a 
capacious funnel, in the apex of which is placed a small perforated filter. 
At first the principal part of the mother-liquor runs off, and the rest is 
displaced by the liquid proceeding from the gradually melting crystals. 
The product which last drips from the melting crystals may be regarded 
as perfectly pure. If the mother-liquor obtained as abovo be again 
treated in the same manner, a'product is ultimately obtained which no 
longer crystallises at — 20° C. 

The crystals consist of bromoform, the formation of which is due to 
the action of the free bromine on the highly carboniferous organic matters 
contained in the mother-liquor of the salt-spring. 

The melting point of the crystals is — 9° C. : if they have previously 
been completely dehydrated by remaining some time over dry chloride of 
calcium, they form, in the melted state, a colourless, very mobile liquid, 
having a saccharine taste, with a very persistent burning after-taste: 


Hermann (mean), 

2 C . 12 .... 4'74 .... 4*80 

H . 1 0 40 . 

3 Br.240 .. 94*86 . 94*77 


C-HBr*. 253 .... 100*00 . lOO'OO 


Bromoform exposed to the air decomposes to a certain extent, assuming 
a red colour, from the presence of free bromine. When distilled, even 
in a stream of carbonic acid, it is decomposed in the same manner as the 
crude liquid, a small quantity of bromide of carbon being ultimately 
formed. When exposed to the action of chlorine in sunshine, the liquid 
is gradually but completely converted into solid chloride of carbon. 

Bromoform is not, like chloroform, converted by caustic potash into 
bromide of potassium and formiate of potash. Not a trace of formic 
acid is produced, and the reaction is different, according as the hydrate of 
potash is used in the free state, or dissolved in alcohol. 

When hydrate of potash is brought in contact with bromoform, no 
action takes place at first, but after a while, the mass becomes so strongly 
heated that the bromoform begins to distil over, and at the same time 

8 K * 
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a gas is evolved, which, when freed by agitation with water from a 
small quantity of diffused bromofonn, exhibits the characters and coni'* 
position of pure carbonic oxide. The decomposition is expressed by the 
following equation:— 

C a HBr 3 + 3KO = 2CO + HO + 3KBr. 

and is analogous to that which the corresponding oxygen-compound, viz. 
formic acid, undergoes under the influence of sulphuric acid. 

With an alcoholic solution of potash, on the other hand, the evolved 
gas is a mixture of carbonic oxide and olefiant gas, the latter proceeding 
from the alcohol, which, under these circumstances, is resolved into 
olefiant gas and water, its decomposition being inducod by that of the 
bromoform. The relative quantities of carbonic acid and olefiant gas 
thus produced, vary with the degree of concentration of the alcoholic 
solution of potash; but it is especially remarkable that the simultaneous 
decompositions of the bromoform and alcohol, though not connected by 
any mutual action, nevertheless take place in simple atomic proportions: 
so that, for example, 1 atom alcohol is decomposed for every 3 atoms 
bromoform; or, with a differently concentrated solution, 5 atoms bromo¬ 
form to 3 atoms alcohol; thus affording an example of the remarkable 
law discovered by Bunsen relating to the coefficients of affinity. 

The non-crystallisable portion of the original liquid appears to contain 
protobromide of carbon, O a Br 2 . (M. Hermann, Ann. Pharm. 95, 211.) 


Page 355. 

Action of Chlorine on the Sulphides of Methyl. 

A. Riciie. N. Ann. Ghim . Phys . 43, 284. 

Monochlorincited Methylic Sulphide. C 2 H 2 C1S. — Formed by the action 
of chlorine on methylic sulphide, under the influonco of diffused day¬ 
light and a low temperature. At ordinary temperatures, chlorim 
acts with great violence on methylic sulphide, each bubble of the 
gas, as it passes into the liquid, producing flame and a carbonaceous 
deposit. To obtain a definite result, it is noccssary to place the 
sulphide in a retort, surroundod with ice, and to introduce perfectly 
dry chlorine very slowly by moans of a tube, terminating a little 
above the surface of the liquid. In this manner, the yellow oil men¬ 
tioned by Regnault (vii. 355) is produced; it is at first contaminated 
with hydrochloric acid and unaltered sulphide of methyl, which quickly 
induce its decomposition, even in stoppered vessels; but by heating it to 
50° or 60°, and passing a rapid current of dry carbonic acid through it, 
these impurities are removed, and the compound may then bo preserved 
without alteration. 

Yellow oil, heavier than water, and having a strong, disagreeable 
odour. When heated in a retort, it partly distils; but a considerable 
portion is decomposed, and leaves a carbonaceous residue. 


2 C . 

. 12-0 .. 

.. 18-35 .... 

Riche. 
.... 18*92 

2 H . 

. 2*0 .. 

3-06 . . 

.... 3-42 

Cl .. . 

. 35-4 .. 

.. 54-13 .... 

.... 53*22 

S. 

. 1G-0 

.. 24-40 



C 2 H'C1S.. 65*4 .... 100-03 
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Bichlormated Methylic Sulphide. C 2 HC1 2 S. — When chlorine is 
passed by separate bubbles into the preceding compound, a rapid action 
takes place, which may even produce inflammation. To prevent this 
occurrence, the retort must be cooled at the commencement of the 
operation, and the delivery-tube made to terminate above the liquid; 
towards the end, however, the tube must be made to dip into the 
liquid, and the chlorine may be passed into it with considerable rapidity. 
As soon as the chlorine ceases to be absorbed, it must be replaced by 
a current of dry carbonic acid, to expel the excess of chlorine and 
hydrochloric acid. — The product is a heavy yellow liquid, sometimes 
of a very deep colour. It boils at a high temperature, and is partly 
decomposed by distillation. 


2 C’ . 

. 12*0 

... 12 03 . 

Riche, 
... 12*70 

H . 

.. .. 1*0 . 

1*00 .. 

1*17 

2 Cl . 

. 70*8 . 

... 70*94 ... 

... 70-35 

S . 

. 16*0 . 

... 16*03 


C 2 HC1-S . 

. 99*8 

... 100*00 



In diffused daylight, this compound may be kept for several days in 
an atmosphere of dry chlorine without sensible alteration; but in sunshine 
the chlorine is absorbed and a heavy liquid, of a light ruby-red colour 
is formed, 'consisting of Kegnault’s terchlorinated methylic sulphide 
(vii. 355), together with bichloride of carbon and protochloride of sulphur: 

[2C 2 HC1 2 S + 6C1 - C 2 CI 3 S + C 2 C1 4 + SCI + 2HC1] 

When this liquid is distilled, it begins to boil at 70°, but the boiling 
point soon rises to 170° — 175°. The first portions of the distillate 
exhibit a bright red colour, due to the presence of chloride of sulphur, 
the subsequent portions are of a light yellow colour. The greater 
portion of the liquid distils over between 155° and 163°, and if this 
portion be collected apart and repeatedly rectified, a very limpid, amber- 
coloured liquid is finally obtained, which boils without alteration between 
15G° and 100°. This liquid is terchlorinated methylic sulphide, C 2 C1 3 S. 
It has a strong, penetrating odour, is insoluble in water, but dissolves 
easily in alcohol and ether. It is not decomposed by aqueous potash or 
ammonia. Vapour-density 5*68. — This same compound, is also formed by the 
continued action of chlorine on bisulphide of methyl in sunshine (p. 503). 


Riche. 

a. 1. 


2 C . 

. 12*0 . 

... 8*94 .... 

.... 9*37 .. 

.. 9*03 

3 Cl . 

. 106*2 . 

... 79*14 .... 

79*16 .. 

.. 79-16 

S . 

. 16*0 . 

... 11*92 



H . 



0*09 


C 2 C1 3 S . 

. 134*2 . 

... 100*00 




Vol. Density. 


C-vapour. 2 .... 0*8320 

Cl-gas. 3 .... 7*3629 

S-vapour. ^ • 1*1093 


"Vapour of C 2 C1 3 S 


2 

X 


9*3042 

4*6521 
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a, from monosulphide; b, from bisulphide of methyl. The calculated vapour- 
density differs considerably from the experimental; but the difference would be much 
greater if the vapour were regarded as monatomic. It appears probable therefore that 
the compound C 2 Ci 3 S is resolved by heat, like C 2 C1 3 0 (vii, 355) into CC1S and CCD ; 
and that the vapour whose density was actually determined was a mixture of these two 
vapours. The low boiling-point of the compound, as compared with the boiling.points 
of monochlorinated and bichlorinated methylic sulphide, appears to favour this view. 

By carefully distilling the red liquid pi’oduccd by tlio continued 
action of chlorine in sunshine or monosulphide of methyl (p. 500), a 
ruby-coloured distillate is obtained below 100°, which consists of chloride 
of sulphur mixed with bichloride of carbon. By treating this distillate 
with caustic potash, the chloride of sulphur is decomposed, and the 
bichloride of carbon separated; and by digesting the latter over fused 
chloride of calcium and rectifying, it is obtained in tbe form of a colour¬ 
less liquid, of sp. gr. 1*567 at 12°, having a pleasant ethereal odour, and 
boiling at,77°. It gave by analysis 7'80 p. c. C and 91*88 Cl: the 
formula C 2 C1 4 requiring 7*69 C and 92*31 Cl. ( compare vii. 356.) — When 
the sulphide of methyl and tbe chlorine are both very dry, and all 
necessary precautions are taken to preclude the entrance of moisture 
into the vessels, the quantities of chloride of sulphur and chloride of 
carbon obtained are but small; but if moisture is present,, they are 
produced in great abundance. 

Chloride of Methylic Bisulphide. C 2 TI 3 S~,C1.— When a few drops of 
bisulphide of methyl are let fall into a flask containing dry chlorine, 
a number of sulphur-yellow crystals, having the form of rhomboidal 
laminae are immediately deposited on the sides of the vessel. These 
crystals are very instable, and are destroyed by an excess of chlorine. 
During the first stage of the reaction, that is to say, while the crystals 
are forming, no evolution of hydrochloric acid is observed; consequently 
the crystals contain all the hydrogen of the bisulphide of methyl, 
and their formation is due to a simple fixation of chlorine. They are 
very difficult to isolate, on account of their great volatility and their 
strong tendency to decompose. To obtain a sufficient quantity for ana¬ 
lysis, it is necessary to drop bisulphide of methyl successively into several 
flasks containing chlorine, quickly remove the crystals with a thin glass 
plate, press them between bibulous paper, and enclose them in a glass 
bulb previously weighed. 


2 C. 

Crystals. 

. 12-0 .. 

... 14*56 .... 

Eiche, 
.... 14*81 

3 H. 

. 3-0 

... 3*64 .... 

.... 3*62 

Cl . 

. 35-4 . 

... 42*98 .... 

.... 42*37 

2 S. 

. 32*0 . 

. . 38*82 


C 2 H 3 S 2 ,C1 ... 

. 82-4 . 

... 100*00 



May also be regarded as C 2 H 3 S,C1S. 

By tbe continued action of chlorine, this compound is decomposed, 
with formation of a liquid which is yellow at first, but alternately 
assumes a bright red colour, if the action of the chlorine be continued to 
the utmost, and in sunshine. On distilling this liquid, the first portion 
which passes over below 90° is found to contain a considerable quantity 
of chloride of sulphur; but the principal portion, which distils over 
between 150° and 160°, consists chiefly of tercldorinated methylic sul- 
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pliide (p. 501). It appears then that bisulphide of methyl, under the 
influence of chlorine, splits up into sulphur which unites directly with 
the chlorine, and monosulphide of methyl which is transformed by the 
chlorine in the same manner as if it were in the free state. The crude 
product is but very slowly altered by contact with water or with potash. 
(Riche) 


Page 478. 

Double Ferrocyanides. 

F. Reindel. J. pr. Chem . 65, 450. 

Ferrocyanide of Potassium and Ammonium . — K 3 (NH 4 )Fe 2 Cy 6 = 
(K 3 NH 4 )Cy 4 ,2FeCy.—Obtained by the action of ammonia on ferri- 
cyanide of potassium in presence of a reducing agent. 

K 3 F-Cy 6 + mVO = K 3 (NH 4 )Fe-Cy fi + O 


When ammonia is poured upon a mixture of ferricyanide of potas¬ 
sium and grape-sugar, (in the proportion of 20 :1,) in a loosely stoppered 
bottle, and the liquid left to stand for several days, with frequent shaking, 
its colour gradually becomes paler, and in eight or ten days changes to a 
pure yellow. In most cases, when large quantities are taken, yellow 
crystals are soon deposited. The product is always the same, even when 
the ammonia is in excess. The pure solution of the yellow salt may be 
evaporated to the crystallising point without decomposition; but the pre¬ 
sence of undecomposed grape sugar and ammonia, gives rise to other 
actions during the evaporation; hence it is best to precipitate the salt 
from the liquid by alcohol and recrystallise from water. — The alkaline 
su’phites effect the reduction more quickly than grape-sugar, but are less convenient, 
on account of the difficulty of separating the resulting sulphates. 

Pale yellow square prisms, which are partially decomposed, even 
between 80° and 100°, and at higher temperatures give off hydrocyanic 
acid and cyanide of ammonium. Dissolve easily in cold, and still more 
in hot water. The solution behaves with metallic salts, like ordinary 
yellow prussiate of potash. When heated with a fixed alkali, it gives 
off ammonia, and yields a similar salt in which the ammonia is replaced 
by the alkali-metal used. (Reindel.) 


3 K. 

Crystals. 
. 117 6 

.... 29*28 ... 

Peindel. 
.... 29*58 

NH« . 

. 18-0 

.... 4*48 ... 

. 4*65 

2 Fe . 

. 56-0 

.... 13*94 .. 

... . 13*87 

6 Cy . 

. 156-0 

.... 38*85 .. 

. 38*77 

6 HO. 

. 540 

. . 13*45 


K 3 (NH J )Fe 2 Cy 6 .,. 

.+ 6Aq 401*6 

.... 100*00 



Ferrocyanide of Potassium and Sodium . K 3 NaFe 2 Cy 6 = (K 3 Na) 
Cy 4 ,2FeCy. — Obtained by treating a mixture of ferricyanide of potas¬ 
sium and" grape sugar with caustic soda, or by boiling a solution of the 
preceding salt with caustic soda; the product may he purified by preci- 
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pitation with alcohol and recrystallisation. Forms rhombic or nearly 
square prisms, haying a glassy lustre; they are not efflorescent, and do 
not give off their water below 200°. Dissolve readily in water, either 
hot or cold. (Reindel.) 


3K . 

Crystals. 

. 117-6 

.... 28*29 ... 

Reindel. 
... 28*18 

Na. 

. 23*0 

5*55 ... 

... 5*34 

2 Fe. 

. 56-0 

.... 13*47 ... 

... 13*56 

6 Cy . 

. 150*0 

.... 37-54 ... 

... 37-75 

7 HO . 

. 63*0 

.... 15-15 ... 

.. 15-14 

E?NaFe 2 Cy G + 7Aq 

.... 415*6 

.... 100-00 .... 

.... 99*97 


When chlorine gas is passed through a solution of this salt, chloride 
of potassium is separated and a salt is formed, which appears to bo com 
posed of (K 2 Na)Cy 3 ,Fe 2 Cy 3 + a?Aq. This and two other salts derived 
from it, viz., (K 2 Na 2 )Cy 4 ,2FeCy and (K 2 NaNH 4 )Cy 4 ,2FeCy, are reserved 
for further investigation. (F. Reindel.) 
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Page 4. 

Ammoniacal Cuprosocupnc Cyanide. — 2NH 3 ,2Cu 2 Cy,CuCy. — When 
an ammoniacal solution of hydrated cupric oxide is poured into aqueous 
hydi'ocyanic acid, till the odour of the ammonia becomes distinctly pre¬ 
dominant, the clear, slightly yellow solution then heated to the boiling 
point, and an additional quantity of the ammoniacal copper-solution 
continually added, (while the heat is still continued,) till the dark blue 
colour becomes permanent, micaceous, crystalline laminae make their 
appearance after a while; and the liquid, if then filtered, yields, on cool¬ 
ing, green rectangular laminae of remarkable lustre; these, after com¬ 
plete cooling, may be purified by filtration and washing with cold water; 
they are then dried, first upon paper in the air, and afterwards over 
chloride of calcium. — When these green crystals are immersed in a 
mixture of equal volumes of moderately dilute solutions of caustic 
ammonia and carbonate of ammonia, and the liquid heated, they dissolve 
and form a blue solution. On boiling this solution for about an hour, 
and then leaving it to cool, it deposits blue shining laminae, which may 
be collected on a filter, and completely purified by washing with cold 
water.—During the boiling, the blue ammoniacal liquid often becomes 
turbid, in consequence of the separation of a brown substance, but it 
may be rendered clear again by addition of ammonia. (L. Hilkenkamp, 
Ann. Fharm. 97, 218.) 



Blue crystals. 


Hilkenkamp. 

2 NH 3 . 

. 34 .. 

. 12*59 . 

. 12*66 

5 Cu . 

. 158 .. 

. 58*52 . 

. 58*22 

3 Cy . 

. 78 . 

. 28*89 . 

. 28*73 

2NH 3 ,2Cu 2 Cy,CuCy. 270 ... 

. 100*00 . 

. 99*61 




Hilkenkamp. 

2NH 3 . 

. 34*0 .. 

. 12*59 


2 Cu 2 Cy. 

. 178-4 .. 

. 66*07 

. 66*90 

CuCy . 

. 57*6 .. 

.. 21*34 



270*0 .. 

100*00 



Green crystals. 


Hilkenkamp. 

2NH 3 . 

. 34 

.. 11*80 . 

. 11'56 

5 Cu . 

. 158 

.. 54*87 . 

. 54-37 

3 Cy . 

.. 78 

.. 27*08 . 

. 27-30 

2 HO. 

. 18 

.. 6*25 



2NH 3 ,2Cu 2 Cy,CuCy + 2Aq 288 .... 100*00 


The quantity of cuprous cyanide in the green crystals was found by analysis to be 
60*85 p. c.; the formula requires 61 '97. 
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The green compound is hydrated, perfectly insoluble in cold water, 
and is decomposed by boiling with water, a bulky brown precipitate 
being then formed. When dry, it may be heated to 100° without decom¬ 
position ; but when heated to that temperature in the moist state, it is 
gradually decomposed as by boiling with water. It is decomposed by 
dilute acids, leaving a white residue of cuprous cyanide, [which dis¬ 
solves, with evolution of hydrocyanic acid, when the liquor is heated. 
Solutions of caustic fixed alkalis, or alkaline carbonates, change the 
colour of the green crystals to blue, even at ordinary temperatures. 
Caustic fixed alkalis take up cuprous cyanide, which, on boiling, turns 
brown, and is converted into cupric oxide; in the solution formed by 
fixed alkaline carbonates, a small portion of the green compound is con¬ 
verted into the blue anhydrous crystals. This solution when boiled, like¬ 
wise yields a brown precipitate, but the supernatant liquid, as it cools, 
deposits splendid blue laminae of the anhydrous salt. The green crystals 
dissolve in ammonia and carbonate of ammonia, and partly separate out 
unaltered as the liquid cools, but partly converted into the blue com¬ 
pound, especially after long boiling. ( Vid. sup.) 

The blue compound behaves like the green crystals with all reagents, 
excepting those which converted the latter into the former. (Hilkonkamp.) 


Page 43—-58. 

Platinocyanides. 

A. Schafarik. Wien. Ahad. Ber. 17, 57; Chem. Gaz. 1855, 441. 

Protocyanide of Platinum. PtCy. — Schafarik prepares this com¬ 
pound by heating platinocyanide of ammonium for some timo to 300° on 
the sand-bath. The yellow crystals first become pure white, hut after¬ 
wards again assume a yellow colour, give off a light and very pungent 
vapour, and ultimately leave pseudomorphous crystals of proiocyanido of 
platinum, which, when more strongly heated, smoulder away on access 
of air, leaving spongy platinum indistinct pseudomorphous crystals.— 
Hydroplatinocyanic acid boiled with nitric acid likewise yields a very 
pure protocyanide of platinum, together with other products not yet 
examined. In the products obtained by these two processes, and likewise 
in that prepared by Knop’s method (viii, 43), Schafarik found 75*24, 
75*59, 76*05, 76*36, and 77*18 p. c. platinum. Now the formula PtCy 
requires 79*20 p. c.; Schafarik, however, regards the several products 
which he analysed as the protocyanide contaminated with variable quan¬ 
tities of foreign matters, which could not be removed by washing. 

Platinocyanide of Ammonium. NH 4 PtCy 2 +Aq. — Obtained by pre¬ 
cipitating a solution of platinocyanide of barium with a mixture of caustic 
ammonia and carbonate of ammonia; the filtrate, when slowly evaporated, 
yields slender prisms of a deep lemon-yellow colour, and exhibiting a 
splendid blue fluorescence on the surface. These crystals, placed under 
a bell-jar with caustic lime on which ammonia is dropped, become 
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white but turbid, and diminish in weight by 4 or 5 per cent, from loss of 
1 At. water (not of ammonia, as supposed by Quadrat, viii, 46.) The 
white crystals recover their yellow colour, though slowly, on exposure to 
the air; but if placed over sulphuric acid, they remain white. Colourless 
needles are likewise obtained by adding caustic ammonia to a very strong 
solution of the salt, and evaporating over the water-bath; these also, 
when exposed to air, take up water and turn yellow. (Knop attributed 
this change to loss of water, but analysis shows that the yellow crystals 
contain more water than the white. Both the wdiite and the yellow 
salt give off their water, but not entirely, at 100°; at 150°, they part 
with the whole, amounting for the yellow salt, to 1005 (2 At.), and 
become milk-white or pearly.) Any brown colour which they may exhibit after 
drying, when prepared by Quadrat’s method, (viii. 46), is due to impurities in the ether 
or alcohol used in the preparation. When the anhydrous salt is dissolved in 
absolute alcohol, and the solution evaporated over sulphuric acid, crusts 
of colourless, radiating needles shoot outfiom the margin of the vessel, and 
at last coat the whole surface with a network exhibiting a beautiful 
violet fluorescence; on exposure to the air, they rapidly turn yellow. 
The yellow salt dissolves in about its own weight of water, and a smaller 
quantity of alcohol. 

Anhydrous. Schafarik. 

NH 4 . .. 18 .. 10*65 


Pt . . . 99 .. 

2 Cy .. 52 

. 30*77 

58 58 

58*05 

58*88 

NH'Cy.PtCy .. 1G9 . 

. 100*00 



White , hydrated. 


Schafarik. 

Nil 4 . 

.. 18 . 

10*02 


Pt. 

. 99 . 

5v62 

55*88 

2 Cv . 

52 ... 

. 29*35 


HO 

9 . 

. 5*01 . . 

5*10 

NH l PtCy 2 + Aq. 

.. 178 ... 

. 100*00 


Yellow. 


Schafarik. 

NH 4 . 

. . 18 .. 

9*63 


Pt . 

.... 99 .. 

. 52*94 .... 

... 52*22 

2 Cy . 

... 52 ... 

. 27*80 


2 HO . 

. . 18 .. 

9*63 . 

... 10*05 

NU 4 PtCy 2 + 2Aq. 

.... 187 .., 

.. 100*00 



Platinocyanide of Potassium. — Of the several methods given for the 
preparation of Gmelin^s salt, Schafarik regards that of Knop (viii, 47, 2), 
as the most convenient. He finds, in accordance with the results of 
Gm., Laurent, Gerhardt, and others, that it has always the composition 
KCy,PtCy, not that assigned by Quadrat. 

Platinocyanide of Sodium. — Platinocyanide of barium prepared by 
Quadrat’s method (viii, 52), was dissolved in a little hot water, and mixed 
with excess of sulphate of soda; 10 times its volume of a mixture of 
alcohol and ether was then added; and the liquid filtered after standing 
for several hours. The clear solution, evaporated, first in the air and 
afterwards in vacuo over oil of vitriol, was entirely converted into beau¬ 
tiful, colourless, brilliant, glassy prisms of the sodium-salt, about 8 mm. 
long and 1 mm. thick. 
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Na ....... 

Crystals . 

23 .. 

.. 11*44 ... 

Schafarik. 
. 11*58 

Pt ....... 


99 .. 

.. 49*25 . . 

. 18-02 

2 Cy . 

3 HO. 


52 .. 

, 27 . 

.. 25*88 

.. 13*15 ... 

. 13*85 


NaCy,PtCy + 3Aq. 201 .... 100*00 


Platinocyanide of Barium. — Mflgt easily obtained by dissolving 
platinocyanide of potassium in tlio smallest possible quantity of cold or 
moderately warm water; adding l At. of pure monobydrated sulphuric 
acid (23 pts. acid to 100 pts. of the potassium salt), taking care to avoid 
overheating, which would separate protocyanido of platinum; and after¬ 
wards adding 10 times the volume of alcohol, of sp. gr. 0*863 : the addition 
of a little ether facilitates the precipitation of sulphate of potash. Tho 
mixture is then immersed in cold water for several hours to complete the 
deposition of the sulphate of potash; and the filtrate evaporated to one- 
third, mixed with water, and saturated at the boiling heat with carbonate 
of baryta. Tho barium-salt thus obtained is quito pure, as the traces of 
potassium-salt taken up by the alcohol remain in the mother-liquor.— 
Quadrat’s method of preparing this salt from the platinocyanide of 
copper is troublesome, on account of the difficulty of washing the 
copper-salt. 

Platinocyanide of Sfrontium. — Prepared by saturating platinocyanide 
of hydrogen with carbonate of strontia, or by Quadrat's method of decom¬ 
posing the copper-salt with strontia-water. — Forms sometimes milk- 
white, sometimes transparent crystals, which, when exposed to tho air, 
acquire a violet tint throughout. The white crystals obtained by tho 
second method are also surrounded with a crust of indistinct yellow 
crystals, which, however, become white when4aid on paper over night.— 
The white or transparent crystals, left over sulphuric acid for 24 hours, 
acquire a splendid purple-violet colour, like a solution of permanganate 
of potash, and at the same time a gold-green metallic surfaco-lustro; by 
exposure to the air for a few days, they completely regain tlioir previous 
appearance. A solution of the salt swung round in a hot vessel, likewise 
coats it with a violet-purple crust, having a gold-green lustre: this purple 
tint appears to be due to a peculiar state of hydration. At 100°, the salt 
becomes turbid throughout, and acquires a deep orange colour, deeper than 
that of the dry barium-salt, the gohl-grcen surface-lustre being at the 
same time converted into azure. At 150°, tho salt becomes white and 
anhydrous, but is so sensitive to moisture that when breathed upon, it 
immediately aquires a blackish purple colour. 


Sr . 

.. .. 44 . 

... 18*33 ... 

Schafarik 
(mean). 
. 18-34 

Pt . 

.. . 99 . 

. . 41*25 ... 

.... 40-81 

2 Cy . 

. 52 . 

.. 21*07 


5 HO. 

. 45 . 

.. 18-75 .... 

. 18*83 

SrCy,PtCy + 5Aq. 

. 240 . 

... 100*00 



Of the 5 At. water, 7*71 p. c. (3 At.) are given off at 100°. 


Platinocyanide of Calcium. CaCy,PtCy+5Aq. ~ Resembles tho 
strontium-salt, and also gives off 3 At. water at 100 . 
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Flaiinocyanide of Magnesium. — Prepared by the two methods given 
Id viii ; 54; also by saturating cyanide of platinum at a boiling heat with 
carbonate of magnesia: the product obtained by this last method was 
darker in colour than that obtained by either of the former. If the salt, 
after being deprived of its water, be dissolved in hot absolute alcohol, of 
which it requires a considerable quantity, the whole liquid becomes filled, 
on cooling, with a tissue of delicate, white, satiny, filamentous crystals, 
which soon turn yellow on exposure to the air, and ultimately contract 
into crystalline crusts of a carmine'fed colour with golden lustre. If the 
dry salt be dissolved in such a quantity of alcohol that no crystallisation 
takes place on cooling, and the solution left to evaporate in a shallow 
dish in a warm dry atmosphere, it yields thin rectangular tables, or rather 
lamina*, characteristically grouped in a fan-like form, and having a 
lemon-yellow colour, with a fine blue superficial fluorescence. These 
lemon-yellow crystals are evidently identical with the yellow masses into 
which the salt is converted between 30° and 45° (at 35°, according to 
Quadrat, viii, 54), while the asbestos-like needles are MgPtCy 2 -}-2 HO, 
the same salt into which the red-salt is converted at 100°. 


Mg.. 
Pt . 
2 Cy 
2 HO 
5 Aq 

MftPl 
2L10 + 



Red crystals. 


Scliafarik. 


. 12 

... 5*31 

>79 

... 5*53 

.. 5*36^ 

. 99 

... 43*81 

" 43*48 

....43 96 

.. 43*37 

.. 52 

.. 23*01 




... 18 
. 45 

•• 7*90) 97 . q7 

. 19*9lf 2/o7 

25*30 

— i8*25 r 

.... J:"}24-93 .. 

8*29) 

** 18*45 j 

^226 . 

...100*00 





26*74 


Of the 7 At. water, 5 At. (water of crystallization) go off at 100° and the rest 
at a higher temperature. —The determinations of platinum and magnesium in the above 
analysis agree with the formula, but the amount of water is too small. On the other 
hand, the formula MgPtCy 2 + 6HO requires 5*53 p. c. Mg, 45*62 Pt and 24*89 water 
which docs not agree so well with the platinum-determinations. The formula with 
7HO is mo*t probably correct. — Quadrat found in his salt 33*26 p. c. of water, of 
which 18*69 p. o. was given off at 100°. But he gives the formula Mg 6 Pt 5 Cy n + 8HO + 
11 Aq, which represents only 16*70 p.c. water, but requires 48*34 p. c. platinum or 
about 5 p. c. more than the reality. To obtain 33 p. c. water, the formula should be 
MgWCy 11 + 47HO, which gives 33*15 p. c. water, but only 38*8 p. c. platinum, which 
is 5 p. c. too little. The above quantities of platinum and magnesium calculated for 
the anhydrous salt, give, as a mean result, 60*45 p. c. Pt and 7 70 Mg, agreeing nearly 
with the formula MgPtCy 2 , which requites 60*74 Pt and 7*36 Mg. [According to 
Sehafarik’s calculation, the amount of magnesium thus calculated for the anhydrous salt 
agrees with the formula MgPtCy 2 , but that of the platinum is too small, agreeing more 
nearly with Quadrat’s formula MgWCy 11 ; but m this there is evidently an error; the 
mere abstraction of the. water cannot alter the lelative quantities of the magnesium and 
platinum]. Baumcrt has also made two analyses of the anhydrous salt prepared 
according to Quadrat’s method, and found 60*51 and 59*81 p- c. Pt and 7*38 to / 28 Mg. 
These results, joined with the consideration that the salt is derived from the barium-salt, 
BaPtCj-, sufficiently determine its constitution. 

Flaiinocyanide of Copper. CuPtCy 2 . — Produced whenever a soluble 
platinocyanide is mixed with the solution of a copper salt. Forms a 
bulky bluish or yellow green precipitate, which is completely deposited 
within 24 hours from a solution containing excess of the copper-salt, but 
remains for a long time suspended in pure water, and is very difficult to 
wash on the lilter. When dried, it shrinks together remarkably, breaks 
up, and is converted into shining, sharp-edged fragments, of a deep 
grass-green or leek-green colour, which however yield a dull light green 
powder The salt retains moisture very obstinately, not becoming com- 
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pletely dry till heated to 150° or 180°. When ignited in close vessels, it 
acquires a deeper green colour, and then turns brown, with loss of cyano¬ 
gen, which, as it goes off, burns with a beautiful purple flame bordered with 
yellow. The evolved gas has an extremely penetrating and powerful odour. 
The residue smoulders away in contact with air, leaving a black powder, 
probably platinum and oxide of copper. This powder, when boiled with 
nitric acid, yields copper to the acid, and leaves spongy platinum, but it 
is not possible to extract all the copper by this process. The best method 
of decomposing the salt for analysis is to spread it in fine powder, and in 
as thin a layer as possible, on a flat platinum dish; let it burn, first at a 
gentle heat; then calcine it strongly for a considerable time in a muffle; 
and, lastly, fuse with bisulphate of potash. A portion of the salt, 
prepared with platinocyanide of potassium which was obtained by 
Quadrat’s method, and only once recrystallised (and, therefore, according 
to Quadrat = K 6 Pt 5 Cy n ) gave, when thus treated, 55*98 and 54’09 p. c. 
platinum, the last determination agreeing exactly with the formula 
KPtCy 2 , which requires 54*10, whereas the formula K 6 Pt 5 0y u requires 
only 50*87. — The salt suspended in water and treated with chlorine gas 
is very slowly attacked, yielding shining green crystals of platinidcyanido 
of copper. It is not attacked by sulphuric or by a mixture of sulphuric 
and nitric acids, even when boiled therewith for half an hour. 


Platinocyanide of Mercury. — Platinocyanide of potassium forms with 
corrosive sublimate a white precipitate of platinocyanide of mercury, 
and with mercurous nitrate a precipitate, which is white at first, but as 
the quantity of mercurous nitrate is increased, becomes in succession 
yellow, green, and blue, the blue salt consisting of platinocyanide of 
mercury plus mercurous nitrate. (Dobereiner, viii. 57.) Rammelsbcrg 
found the blue salt to consist of 5HgPtCy 2 + Hg 2 0,N0 6 + lOAq. This 
blue salt cannot be freed from mercurous nitrate by washing. If it be 
washed as much as possible, then pulverised, placed in a thin layer on a 
platinum dish covered with a glass plate, and heated to 200 — 250°, it 
gradually becomes snow-white, and the glass plate is seen to be coated 
with small globules of metallic mercury. If these be rubbed off* after 
the salt has become white, it may then be heated for any time to the 
same temperature, without giving off* more mercury; above 300°, it 
becomes slightly brown, but without change of composition. When 
slowly heated to redness in a covered vessel, it gives off mercury and 
cyanogen, and leaves yellow protocyanide of platinum, which, at a 
higher temperature, gives off more cyanogen and turns black; and this 
black mass burns quickly away when exposed to the air, leaving spongy 
platinum. (Schafarik.) 


White salt. 


Hg. 100 .... 39-84 

Pt. 99 ... 39-44 

2C. 52 ... 2072 


Schafarik. 

38-36 .... 39*72~.... 39-55' 


HgPtCy 8 


251 .... 100 00 
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Page 121. 

Action of Chlorine on Sulphocycimde of Methyl, — Dry clilorine attacks 
sulphocyanide of methyl in the cold, even under the influence of mere 
diffused daylight; but the action soon comes to an end. The product is 
a liquid having a faint yellow colour, together with very beautiful 
colourless crystals of solid chloride of cyanogen . If the vessel be then 
exposed to direct sunshine, the quantity of these crystals continually 
increases, and a very mobile liquid (a) is finally obtained, having a fins 
red colour arising from chloride of sulphur , and containing a large quan¬ 
tity of crystals. This liquid begins to boil at 70°, but the last portions 
do not pass over below 200°. If the portion which distils over below 
85° or 86° be shaken up with potash-ley, till the chloride of sulphur is 
completely decomposed, and the remaining liquid dried over fused chlo¬ 
ride of calcium and distilled, a colourless aromatic distillate is obtained 
which boils at 80°, and exhibits the composition of bichloride of carbon 
(PCI 4 (analysis : 7*99 p. c. C and 92*3 Cl). This compound appears to 
be a constant product of the action of chlorine on the sulphuretted com- 
pounds of the methyl series (pp. 500°—504°). — The portion of the liquid 
(a) which passes over between 140° and 170°, shaken up with potash-ley, 
washed with pure water, then dried and carefully distilled, yields a very 
mobile amber-coloured liquid, which boils between 150° and 160°, and 
exhibits the composition and properties of percklorinated methylic sul¬ 
phide, C 2 C1 3 S. — [The formation of these several products may be 
represented by the following equation : 

6(C 2 H 3 ,C 2 NS 2 ) + 54C1 - 2CWC1 3 + 9C1S + 3C 2 C1 4 + 3C 2 C1 3 S + 18HCL] 

(A. Riche, N, Ann. Chim. Phys, 43, 295.) 


Page 195. 

Formation of Alcohol from, Olefiant Gas. — A large glass globe, capable 
of holding 31 or 32 litres, was exhausted of air and filled with olefiant 
gas; 900 grammes of pure and boiled sulphuric acid, poured into it in 
several separate portions; then a few kilogrammes of mercury; and the 
whole submitted to violent and long continued agitation: the gas was 
then gradually absorbed. After 53,000 agitations, the absorption became 
too slow, and the operation was discontinued; the quantity thus absorbed 
amounted to 30 litres. The acid was then mixed with 5 or 6 times its 
volume of distilled water; and, after repeated distillation, and subsequent 
separation by means of carbonate of potash, 52 grammes of hydrated 
alcohol were obtained, containing 45 grammes of absolute alcohol. This 
weight corresponds to f of the olefiant gas absorbed, the rest was lost in 
the several manipulations. 

The alcohol thus obtained exhibited all the characters of ordinary 
alcohol, having a spirituous taste and odour, distilling without residue 
at 79° to 81°, yielding olefiant gas when heated with oil of vitriol, and 
acetic ether when heated with a mixture of acetic and sulphuric acids. 
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To obtain further confirmation of the result, olefiant. gas obtained by 
the action of hydrochloric acid and mercury on iodido of ethylene 
(C 4 H 4 I 2 •+ 4Hg= C 4 H 4 + 2Hg 2 I), was absorbed by oil of vitriol, and 
the liquid saturated with carbonate of baryta or. lime; in this manner 
the sulphovitiates of baryta and limo were obtained. Iho baryta-salt 
distilled with a acetato of soda, yielded acetic ether; with butyrate of 
potash, butyric ether; and with benzoate of potash, benzoic other. This 
last product boiled at 210°, and when treated with potash, was rosolvod 
into benzoic acid and alcohol. 

Lastly, to show that the same results may bo obtained with olefiant 
gas not originally derived from alcohol, coal-gas was subjected to iho 
action of iodine, and the resulting iodido of ethylono decomposed by 
heating it with potash. The pure olefiant gas thus obtained was absorbed 
by sulphuric acid as before, and by the series of operations just described, 
benzoic ether was obtained, which, when distilled with potash, yielded 
benzoic acid and alcohol. (Borthelot, H, Ann. Ghm. Fhys, 43, 385; 
compare Faraday and Hennel, viii. 41G.) 


Page 320. 

Action of Heat upon the Acetates of Hon. —A solution of pure ferric 
acetate, heated to 100° for four or five hours, becomes opalino, appears 
turbid by reflected, though it remains transparent by transmitted light, 
and changes in colour from that of venous blood to brick-rcd. Tho 
solution continues in this state after standing for several days. After 
standing for 25 to 30 hours (not consecutive), it completely loses tho 
taste of iron-salt, and acquires that of vinegar; when boiled in a shallow 
open vessel, it gives off a large quantity of acetic acid, and remains 
limpid for a while, but in the course of to 2 hours, deposits the whole 
of the iron in the form of ferric hydrate. The solution thus transformed 
no longer exhibits the usual characters of ferric salts; sulphoeyanide of 
potassium does not heighten its tint; tho ferrocyanido, like other potas¬ 
sium salts, forms in it a brown ochrcous precipitate, which acquires a 
greenish tint by long contact. A trace of sulphuric acid or an alkalino 
salt precipitates all the iron in tho form of a reddish brown deposit, 
which is insoluble in all cold acids, oven when concentrated,, is dissolved 
by boiling hydrochloric acid, but is not acted upon by nitric acid. 

When the liquid is poured into hydrochloric or nitric acid, a brick- 
red granular precipitate is thrown down, which collects at tho bottom 
of the vessel and cakes together very easily. This precipitate, which 
has no resemblance in its form to ordinary ferric hydrate, may bo washed 
without alteration with the strongest hydrochloric or nitric acid, and 
even with aqua-regia; but if the mother-liquor be freed by one or two 
decantations with water from the greater part of tho acid which it 
contains, the precipitate disappears entirely, and a brick-red opalino 
liquid is produced,, exactly like that formed by tho modified acetate. 
In this manner, an indefinite number of precipitations and solutions may 
be.effected by the use of hydrochloric or nitric acid; but if any other 
acid (except acetic acid) be substituted, the deposit, when once formed, 
does not redissolve in pure water. — This substance is not precipitated 
by ordinary alcohol, by hydrochloric or nitric acid diluted with water, 
by acetic acid of any degree of concentration, or by the acetates of 
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alumina, iron, or chromium. To free it from tlie acetic acid, which 
dissolved it in the first instance, it was precipitated with hydrochloric 
acid; hut it was found impossible to separate the latter acid completely, 
or to obtain a pure aqueous solution of the ferric compound. Neverthe¬ 
less, by spreading the precipitate upon a plate of unglazed porcelain, the 
mother-liquor was almost entirely absorbed, and the substance was 
obtained in the form of a moist varnish, very slightly acid, entirely 
soluble in pure water, and having no appreciable taste; when dried in 
vacuo, it became insoluble in water. — The watery solution, when boiled, 
also deposits insoluble ferric hydrate; but the precipitation is prevented 
by the presence of acetic acid. 

The opaque appearance presented by the acetate, when modified by 
heat and viewed by reflected light, appears to arise from the formation 
of a kind of pseudo-solution, like that of prussian blue in oxalic acid. 

Hydrated ferric oxide, precipitated from the chloride by ammonia or 
bicarbonate of soda, and thoroughly washed, is also modified by boiling, 
acquiring the brick-red colour which characterises the modified acetate, 
and becoming insoluble in acids in the cold,, and altogether indifferent in 
its chemical relations as compared with the ordinary hydrate. When 
heated however with acetic acid, and also with nitric or hydrochloric 
acid, it is taken up, and forms a liquid which exhibits all the characters 
of tiie modified acetate, being transparent by transmitted, but turbid and 
of a brick-red colour by reflected light. The acetic acid therefore is not 
an essential element of the action. (L. Pean de St.-Gilles, Corrupt, rend. 
40, 508, and 1243.) 


Page 339. 

Action of Chlorine on Sulphide of Ethyl. 

A. Riche. 'N. Ann. Chim. Phys. 43, 297 

1. Bicldorinated Ethylic Sulphide. — When chlorine is cautiously 
passed into a vessel containing pure and‘dry sulphide of ethyl, care being 
taken to prevent rise of temperature and to keep the vessel in the shade, 
the gas rapidly disappears, and hydrochloric acid is disengaged in con¬ 
siderable quantity. At first the chlorine must not be passed directly 
into the liquid, because the action is very violent and the liquid might 
take fire; but afterwards the rapidity of the action diminishes, and the 
gas-delivery tube may be allowed to dip below the surface. If the 
quantity operated on be from 12 to 15 grammes, the action is complete 
in four hours. 

To purify the product from dissolved chlorine and hydrochloric acid, 
it is heated to 75° or 80°, and a rapid current of carbonic acid gas 
passed through it. There is then obtained a yellowish liquid, heavier 
than water, which begins to boil at 150°; the greater portion, however, 
passes over between 163° and 173°, and the boiling point then rises to 
230°; but the liquid no longer distils over unaltered, part of it being 
decomposed, hydrochloric acid being evolved, and a carbonaceous residue 
remaining in the retort. . 

The liquid which passes over between 163 and 173 is ^redistilled, 
the greater part then passing over between 167° and 172°; and this 
yol. x. 2 L 
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portion, when again rectified, forms a light yellow liquid of sp. gr. 1*547 
at 12°, and having a strong and disagreeable odour. An alcoholic 
solution of potash or monosulphide of potassium decomposes it, giving 
rise to viscid, fetid products not yet examined. 


4 C. 

. 24*0 . 

... 21*09 .... 

Riche. 

. 21-27 

3 H . 

. 3*0 ., 

... 2-04 .... 

.... 3*01 

2 Cl . 

. 70*8 . 

... 62-27 


S. 

. 16-0 . 

... 14-00 


CWCFS. 

. 113*8 . 

... 100-00 



2. Terchlorinated E(hylic Sulphide .—If the vessel containing the 
Sulphide of ethyl be left at the temperature of the air, instead of being 
cooled, and the passage of the chlorine be continued by diffused daylight 
as long as it is absorbed, a liquid is obtained which is blackish at first, 
hut ultimately acquires a deep yellow colour. It is freed from chlorine 
and hydrochloric acid by a stream of carbonic acid, and then fractionally 
distilled. The temperature rises rapidly to 185°, and a distillate is first 
obtained which boils between 185° and 200°, and when carefully re¬ 
distilled, assumes a decided yellow tint, and boils almost entirely between 
189° and 192°. 


4 C. 24*0 

2 H . 2*0 

3 Cl . 106*2 

S. 16*0 


Riche. 

.... 10*19 . 15*37 

.... 1*35 1*35 

. 71*66 72*40 

.. . 10*80 


C 4 H 3 C1 3 S . 148-2 .... 100*00 


3. Tetrachlorincited Ethylic Sulphide. — After the terchlorinated com¬ 
pound, which is the chief product of the preceding reaction, has distilled 
over, the boiling point rises to 240°, and a second distillate is then 
obtained, not however without decomposition and the evolution of a con¬ 
siderable quantity of hydochloric acid. When this product is carefully 
fractionated, the greater part is found to boil at about 220°; and on 
once more redistilling this portion and collecting apart that which passes 
over between 217° and 220°, a liquid is obtained, having nearly the 
composition of the tetrachlorinated sulphide. — This product is however 
obtained more easily and in greater quantity, by passing chlorine in 
large excess and for a long time, through sulphide of ethyl heated to 
a temperature between 60° and 80°. 


4 C. 

. 24*0 . 

... 13*14 ... 

Hiche. 
. 12*89 

H . 

. 1-0 . 

... 0*55 ... 

. 0*81 

4 Cl. 

. 141*6 . 

... 77-55 ... 

. 77-20 

S . 

. 16-0 . 

... 8-76 


G 4 HCl 4 S. 

. 182*6 ., 

... 100*00 



The action of chlorine in diffused daylight does not yield any product 
containing a larger proportion of chlorine than the tetrachlorinated 
sulphide; but if the liquid be exposed for a considerable time to the 
sun, and the stream of chlorine kept up, that gas is again absorbed and 
hydrochloric acid evolved in abundance. By continuing this action as 
long as the atmosphere of chlorine in the vessel continues to lose 
colour, a light yellow liquid is obtained, which deposits very well defined 
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white crystals, soluble in boiling alcohol, and beginning to boil at 180°.*— 
On distilling the liquid which has yielded these crystals, after having 
passed carbonic acid through it, it begins to boil at 175°; and if the 
product which passes over up to 185° be collected apart, it solidifies on 
cooling. — From 185° to about 200°, there passes over a second product, 
which remains liquid and has a deep yellow colour; and at 200°, nothing 
remains in the retort, there being no carbonaceous residue in this case. 

The crystals which boiled at 180°, exhibited the composition of 
sesquichloride of carbon, C*C1 6 , yielding by analysis 9 *7 p. c. C, and 
88*2 Cl, whereas the formula requires 10 C and 90 CL — The other 
crystalline product doubtless consisted of perchlorinated ethylic sulphide, 
C 4 C1 5 S, being homologous with the compound C 2 C1 3 S (vii. 355), formed 
under similar circumstances from sulphide of methyl; but the analysis 
was prevented by an accident. (Eiche.) 


Page 378. 

Preparation of Chloride of Ethylene. — A tubulated retort is half filled 
with a mixture of 2 pts. peroxide of manganese, 3 pts. common salt, 
4 pts. water, and 5 pts. oil of vitriol, and loosely connected with a flask, 
to serve as a.receiver. Olefiant gas is then passed into the mixture by 
means of a tube passing through the cork of the tubulure and dipping 
half an inch below the surface of the liquid. So long as the gas is 
passing through the mixture, the retort must be only very gently heated, 
— as by placing a single red-hot coal under it, — and the resulting 
chloride of ethylene afterwards distilled off at a higher temperature. If 
this precaution be attended to, the operator will not be annoyed by 
escape of chlorine. — Coal-gas, if at hand, may be used as the source of 
the ethylene; if not the gas may be prepared from alcohol by Wohler's 
method (ix. 517.) The crude product thus obtained in an hour and 
a half from 2 ounces of alcohol, yielded 1 ounce of pure chloride of 
ethylene. (H. Limpricht, Ann. JPharm. 94, 243; Chem. Soc. Qu. J . 8,157.) 


Pages 222 and 415. 

Action of Sulphuric Acid upon Alcohol . Constitution of Sulphovinic 

Acid. 

C . Blonpeau. N. J. Pharm . 28, 5. 

Sulphovinic acid is usually represented by the formula C^FFO ,2SO , 

or C 4 H 6 OjHO,2S0 3 , or C ^ 5 j- 2SO*. Gay-Lussac, however (viii. 417), 

regarded it as containing, not sulphuric, but hyposnlphuric acid, sup¬ 
posing that, in its formation, 1 At. oxygen from 2 At. sulphuric acid 
combined with 1 At. hydrogen to form water This view of tjie consti¬ 
tution of sulphovinic acid is in accordance with the solubility of its salts, 
and with its proneness to decompose and give off sulphurous acid when 

2 Ji 2 
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Leated. Gmelin (loc. cit.) objects to this view, — that, whereas hyposul- 
phuric acid, both in the free state and in its salts, is in many reactions 
resolved into sulphurous and sulphuric acid, sulphovinic acid, under the 
same circumstances, yields sulphuric acid and alcohol. Blomleau, however, 
finds that sulpliovinate of load, calcined with hydrate of potash, yields 
sulphate and sulphite of potash in equal numbers of atoms, just as 
isethionatc of potash does when similarly treated. Now sulphate of 
potash, as found by Liebig and Berzelius, is not reduced to sulphite by 
ignition with any organic substance (viii. 219). Blondeau, therefore, 
adopts Gay-Lussac's view of the constitution of sulphovinic acid, regarding 
it as C 4 H 6 (S 2 0 5 )0 2 ,HQ, that is to say, as alcohol in which 1 At. H is 
replaced by hyposulphuric acid. 

The formation of sulphovinic acid by the action of sulphuric acid 
upon alcohol may then be represented by the equation: 

CWO 2 + HO, SO 1 = CdH(S 3 O fl )0 2 ,HO + HO 

According to Blondeau, this change takes place only between the tem¬ 
peratures of 135° and 140°; below 135°, nothing is formed but an instable 
compound of the acid with the alcohol, and the mixture, if distilled, 
yields nothing but alcohol and water; abovo 140°, the sulphovinic acid 
is resolved into ether and hydrated sulphuric acid, according to the 
equation: 

C 4 H 5 (S 2 0 5 )0 2 ,H0 - C*H®0 + 110,SO 3 . 

When vapour of alcohol is passed into a mixture of 2 pts. oil of 
vitriol and 1 pt. water, which boils at 140°, no formation of sulphovinic 
acid takes place, the alcohol-vapour passing through the boiling mixture 
quite unaltered; but if the tube which conveys the alcohol-vapour be 
removed, 10 grms. of sulpliovinate of potash introduced into the retort, 
and the boiling continued, 2 grms. of ether condense in tlie receiver, a 
quantity corresponding exactly with that of the sulpliovinate introduced. 
(Blondeau.) 

[Robiquet (N. J. Pharm. 26, 161) takes a different view of the 
process of etherification Regarding ether as alcohol + ethylene, lie 
supposes the action of sulphuric acid upon alcohol to consist of two stages: 

1. Oil of vitriol mixed with alcohol, at ordinary temperatures, forms water 
and sulphate of carbyl: 

0 4 lW + 4(HO,SO 3 ) « ODD 1 ,SO 3 + 6HO 

2. The water and sulphate of carbyl acting at higher tem/pemtum, on a 
second atom of alcohol, produce ether and hydrated sulphuric acid, a 
portion of the water formed in the first stage being at the same time 
set free: 

C 4 H G 0 2 + C l H 4 ,S0 3 + 6HO - (OTW + 4(110,SO 3 ) + 2110. 

There is, however, no proof that oil of vitriol, mixed with alcohol at 
ordinary temperatures, forms sulphate of carbyl.] 

Sulphovinales. — These salts are generally supposed to give off all 
their water when dried in vacuo over oil of vitriol (viii, 421- 426); their 
composition, when thus dried, being represented by the general formula: 
G 4 H 5 M0 2 ,2S0 3 , or C 4 H 5 0,M0,2S0 3 . According to Blondeau’s experi¬ 
ments, however, they retain, even at 100°, 1 At. HO more than is denoted 
by that formula: their true formula, when dried at that temperature, being 
C 4 H 8 0 2 ,M0,2S0 3 ; > * rather, C 4 H 6 (S 2 0 6 )0 2 ,M0,H0; and this last atom of 
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water (in the case of the lead-salt at least), is given off at 150° without 
further decomposition. This statement is confirmed by the following 
analyses of the lead, barium, and calcium salts. To prepare these salts, 
2 pts. of alcohol of 85 p. c. were mixed with 3 pts. of oil of vitriol, 
whereby a liquid was obtained which boiled at 140°, and gave off at that 
temperature a considerable quantity of ether. The liquid was removed 
from the fire, after boiling for a few seconds, then saturated with carbonate 
of lead, &c., and left to crystallise by cooling. 


Baryta-salt dried at 100°. 


Blondeau. 

4 C. 

24*0 . 

.. 11*85 . 

. 11*29 

6 H . 

6*0 . 

.. 2*96 . 

. 2-90 

2 0 . 

16*0 . 

7*90 

8*80 

2 SO 3 . 

80*0 . 

.. 39*50 . 

. 39*39 

BaO. 

76*6 . 

... 37*79 

.... 37-62 

C J H‘( S-’O 3 ) O 2 , BaO, HO 

202*6 . 

.. 100*00 . 

. 100-08 

Lime-salt dried at 100° in vacuo. 

Blondeau. 

4C . 

. 24 

. 15*58 . 

. . 15*41 

6 li . 

6 

.. 3*89 . 

.. .. 3*92 

2 0 . 

.. 16 

10*38 . 

. 11*14 

2 SO* . 

.. 80 

.. 51 90 . 

... 51-17 

CaO . 

. 28 

18*25 . 

. .. 18*06 

e 1 i-i 3 (s-o 5 ;o 8 ,Cao,iio 

154 . 

.. 100*00 . 

... 100*00 

Lead-salt dried at 100°. 


Blondeau. 

4 C. 

.. 24 . 

.. 10*10 

... . 10*08 

0 H .. 

. 6 . 

.. 2 52 . 

. 2*39 

2 0 . 

. 16 . 

.. 6*74 

,. .. 0*73 

2 SO 3 . 

.. 80 . 

.. 33*68 

. 33 65 

PbO .. 

112 

.. 46*96 . 

. . 47'15 

0 4 H 5 ($W)0 2 ,Pb0,HO 

238 .. 

100*00 .. 

. 100 00 


This salt, heated to 150° in a dry vacuum for about two hours, 
gives off 3 p. c. (1 At.) water, leaving the anhydrous sulphovinate 
C 4 lP(S 2 0 5 )0 2 ,Pb0. (Blondeau.) 

/Stable Sulphov incites. (Paratkionates.) — Berthelot (A. Ann. Chim , Phys. 
43, 391), by saturating with carbonate of baryta or lime, the sulphuric 
acid which had absorbed a quantity of olefiant gas (p. 511), has obtained 
stable sulphovinatos similar to the /1-sulphomethylates described by 
Church (p. 496.) The baryta-salt thus formed, yielded by analysis 55 p. c. 
sulphate of baryta, 10*3 C, 3“3 H (total), and 9*5 water of crystallisation, 
numbers which agree nearly with the formula C 4 H 5 Ba0 2 ,2S0 3 -f2Aq (cal¬ 
culation; 55*1 BaSO 4 , 11*3 C, 3*3 Ii (total), and 8*5 water of crystal¬ 
lisation), This salt gives ofi‘ its water in vacuo without becoming acid; 
its solution may be evaporated to dryness without decomposing. — The 
lime-salt is similar in properties and composition; it gave by analysis 
41*8 CaSO 4 , and 12*0 Aq, the formula C 4 H 5 Ca0 2 ,2S0 3 + 2Aq, requiring 
41*7 CaSO 4 and 11*0 Aq. This lime-salt was obtained; 1. With olefiant 
gas and common sulphuric acid; 2. From the stable baryta-salt; 3. From 
the ordinary sulphovinate of lime, by repeated solution in water and 
ebullition. This is the process by which Gerhardt obtained the stable 
sulphovinate (parathionate) of baryta; it yielded, however, only traces 
of the corresponding lime-salt; 4. With a mixture of 3 or 4 vol. oil of 
vitriol and 1 vol. alcohol, which had given off nearly all its olefiant gas, 
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This is the process by which Regnault (via. 431) obtained the althionates. 
Berthelot, however, by repeated fractional crystallisation, of the baryta- 
salt pushed to the limit of complete evaporation, obtained nothing but 
the stable sulphovinate, agreeing with the ordinary sulphovinate in its 
form, and in the property of yielding benzoic ether whon distilled with 
alcohol and benzoic acid. 


Page 428. 

Action of Sulphuric Acid upon Ether. 

Blondeau. F, J. Pharm. 28, 99. 

The action of sulphuric acid upon ether is analogous to that which it 
exerts upon alcohol. The two bodies first enter into combination; then 
at 150°, decomposition takes place, and sulphetheric or isothionic acid 
C 4 H 4 (S 2 0 6 )0 is formed; and lastly, at 160°, this compound is resolved 
into olefiant gas and hydrated sulphuric acid. 

Tribasic Sulphate of Ether. —When oil of vitriol is poured by degrees 
into ether, considerable rise of temperature takes place, and an oily liquid 
is formed, in which the properties of the acid are so far neutralised that 
chalk may be added to it without causing any evolution of carbonic 
acid. To ensure complete saturation, a slight excess of ether is added, 
which floats on the surface of the oily liquid, the density of the latter 
being 1*022. The compound is decomposed by water, the ctlicr sepa¬ 
rating out. 

Blondeau. 

3 C 4 H 5 0. Ill .... 73*51 

SO 3 . 40 .... 20*49 . 26*23 


3C 4 H 5 0,S0 3 . 151 .... 100*00 

The sulphuric acid was determined by decomposing the compound with water, 
decanting the ether, and precipitating with chloride of barium. 

The compound, when heated, begins to boil at 45°, and gives off 
ether; hut as the temperature rises, the affinity of the other for the acid 
increases, and the boiling point soon rises to 150°; at 100°, the evolution 
of ether ceases. The quantity evolved amounts to § of that which is 
contained in the compound, so that there remains a monobasic sulphate 
of ether C 4 H 6 0,S0 3 [identical, or at least isomeric, with WotherilFs 
compound (viii. 413).] 

Sulphetheric or Isethionic acid. C 4 H 4 (S 2 0 5 )0. — Formed whon the 
mixture of sulphuric acid and ether is heated to 150°—160°, 1 At. H 
from the ether then combining with 1 At. O of the sulphuric acid, and 
reducing it to hyposulphuric acid, which then takes the place of 
hydrogen removed: 

C 4 H 5 Q + 2S0 3 » C 4 H 4 ($ 2 0 6 )0 + HO 

Ai 160, olefiant gas begins to escape; and if at the moment when this 
phenomenon is observed to commence, the liquid be fomoved from. the 
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fire and saturated with a carbonate, a soluble sulphetherate is obtained 
which may be crystallised. The lead-salt thus prepared may be decom¬ 
posed by sulphuretted hydrogen, and yields the acid in the form of a 
colourless liquid, which may be evaporated to a syrup, but does not 
crystallise. It has a very sour taste, and is much more stable than sul- 
phovinic acid, undergoing no change when introduced into a mixture 
of sulphuric acid and water which boils at 150°. Above 160°, it is 
decomposed, olefiant gas being evolved, and hydrated sulphuric acid 
reproduced: 


C 4 H 4 (S-0 5 )0 + 2HO - C 4 H 4 +2(H0,S0 3 ) 

The production of olefiant gas by heating a mixture of oil of vitriol and 
alcohol or ether to 160° or upwards, takes place, therefore, in a manner 
precisely similar to that of the formation of ether from alcohol. 

The Sulphetherates or Isethionates dried at 100° are isomeric with the 
sulphovinates dried at 150°, their formula being C 4 Ii 5 M0 2 ,*2S0 3 , or rather 
G 4 H 4 (S 2 0 5 )0,M0,H0. They are less stable than the sulphovinates, and 
dissolve more readily in water. Heated to 200°, in contact with hydrate 
of lime, they give off other, whereas the sulphovinates give oft' alcohol. 
The potash-salt fused with hydrate of potash, yields sulphite and sul¬ 
phate of potash in equal numbers of atoms, which could not be the case 
if the rational formula of the salt were C 4 H 5 0,K0,2S0 3 (p. 516); for 
sulphate of potash is not reduced to sulphite by ignition with organic 
matter (viii. 429). 100 pts. of the potash-salt fused with 100 pts. hydrate 

of potash, yield a product, which, when neutralised with hydrochloric acid 
and precipitated by chloride of barium, yields a quantity of sulphate of 
baryta corresponding to 52‘60 pts. sulphate of potash, which is just half 
the quantity that should have been obtained if all the sulphur had been 
in the state of sulphuric acid. 

Sulphetherate of Lead. — Obtained by heating the oily compound of 
sulphuric acid and ether (p. 518), till it begins to give oft* olefiant gas; 
removing the liquid from the fire after the ebullition has continued for a 
while; and saturating it when cold with carbonate of lead. The filtrate 
concentrated at a gentle heat, yields the lead-salt in transparent needles, 
which at 100°, give off their water of crystallisation, and become 
opaque. 


4 C. 

Dried at 100°. 
. 24 .... 

10*48 .. 

Bio n dean. 
. 10*46 

5 H . .. 

. 5 .... 

2*18 .. 

2*28 

0 . 

. 8 .... 

3*49 

. 3*45 

2 SO 3 .... 

. 80 .... 

34*94 .. 

. 35*30 

PbO . 

.. U2 .... 

48*91 .. 

..... 48*51 


C 4 B 4 (S 2 O s )O,PbO,HO.... 229 .... lOO'OO . 100*00 


If the salt thus dried at 100° be afterwards heated to 160° for an 
hour, it gives off 4p. o. (1 At.) water, without further decomposition, and 
is reduced to C 4 H 4 (S 2 0 6 )0,Pb0. 

Sulphetherate of* Baryta. — Prepared in a similar manner, The solu* 
tion evaporated to a syrupy consistence, deposits, after a while, regular 
semi-transparent crystals. The solution decomposed by sulphuric acid, 
yields eulphetjieric acid, 
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4 C. 

Dried at 100°. 
. 24*0 . 

.. 12*45 . 

Blondeati. 
. 12*45 

5 II .... 

. 5*0 . 

2*58 . 

2*31 

O .... 

. 8*0 . 

4*13 . 

4*50 

2 SO 3 . 

. 800 

... 41*34 . 

. 41*29 

BaO . 

. 70*6 

. 39*50 . 

. 39*30 

1<)3*G 

. 100*00 . 

. 100*00 


Suljphetherate of Lime, — Prepared like the precoding. 


4 C. 

Dried at 100°. 
. 24 .. 

.. 10*55 ... 

Blondeau. 

. . 10*19 

5 H . 

. 5 .. 

3*40 ... 

3*58 

0 . 

. 8 .. 

.. 5*52 


2 SO 8 . 

. 80 .. 

.. 15*17 ... 


CaO ... 

. 28 .. 

.. 19*30 ... 

. 19*15 


C 4 H 4 (S 2 0 6 )0,Ba0,H0.... 145 


100*00 


Berthelot (N. Ann. Chim. Phys. 43, 397,) finds that sulphotheric, or 
an analogous acid, is produced in the action of anhydrous or of fuming 
sulphuric acid upon olefiant gas, ether, and alcohol, and likewise, though 
in small quantity, in the action of ordinary sulphuric acid on olefiant 
gas and on alcohol. — Sulphovinic acid is not converted into sulphctheric 
acid by the action of fuming sulphuric acid. The sulphetherates do not 
reproduce alcohol or the compound ethers, such as benzoic ether, under 
the same circumstances as the sulphovinates. 


'"Page 490. 

Sulphocyanide of Ethylene. C‘Hy2CyS\ 

H. L. Buff. Ann. Pharm. 96, 302. 

F. L. Sonnenschein. J. pr. Chem. 65, 257. 

Obtained by the action of sulphocyanide of potassium on chloride of 
ethylene (Butt, Sonnenschein): 

C 4 H 4 C1 2 + 2KCyS 2 = C 4 H 4 ,2CyS 2 + 2KC1. 

Soluble to a certain extent in boiling water, and separates from the 
solution on cooling in small needles arranged in stellate groups. Dis¬ 
solves readily in warm alcohol, and the solution, when cooled or evapo¬ 
rated, deposits the compound in large, beautiful, white, highly lustrous 
rhombic prisms. (Buff.) Has a peculiar odour intermediate between that 
oi horse-radish and of asafoetida, and a pungent taste, producing a burn¬ 
ing sensation m the throat. At 90°, it melts into a colourless oil, which 
is heavier than water, and on cooling solidifies in a beautiful radiate 
mass which has a shining fatty appearance. By careful heating in the 
oil-bath, a small portion may be sublimed; but the greater part is car¬ 
bonised, with evolution of hydrocyanic acid, and ammoniaoal and other 
products (Sonnenschein); it gives off at the same time an odour like that 
ot burnt onions. With vapour of water, it appears to volatiliso without 
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decomposition; the vapour attacks the eyes and excites violent sneezing. 
(Buff.) The alcoholic solution does not give the characteristic reactions 
of the sulpliocyanides with ferric salts. It is decomposed by potash, the 
liquid immediately acquiring a different odour and the reactions of a sul¬ 
phocyanide, and depositing carbonate of potash. Ammonia does not 
immediately destroy the odour, but soon causes a white turbidity, and in 
the course of a few days, produces a flocculent precipitate; the solution 
then contains sulphocyanide of ammonium. Boiled for a while with 
baryta-water, it deposits carbonate of baryta and forms sulphocyanide of 
barium. — Recently precipitated lead-oxide is blackened by boiling with 
this compound, and the liquid is afterwards reddened by sesquichloride 
of iron; potash accelerates the blackening. Acids added to the liquid 
do not separate pseudosulphocyanogen. The alcoholic solution forms a 
white precipitate in a solution of mercuric chloride. (Sonnenschein ) — 
Sulphocyanide of ethylene boiled with baryta-water and lead-oxide or 
mercuric oxide, gives up sulphur; when mercuric oxide is present, there is 
formed, besides sulphide of mercury and carbonate of baryta, a sparingly 
soluble substance containing mercury. — With ammonia, sulphocyanide 
of ethylene forms a substance which dissolves easily in water, and yields 
sulphur to oxide of mercury. In this case also the desulphuretted pro¬ 
duct combines with the mercury. (Buff.) 

Sulphocyanide of ethylene dissolves in chloride of ethylene. (Son¬ 
nenschein.) 

The alcoholic solution of chloride of acetyl, C 4 H 3 C1, forms with sul¬ 
phocyanide of potassium a body which has a mustard-like odour. (Son¬ 
nenschein.) 
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Page 16. 


Acetone with Bisulphite of Soda, — Pure acetone shaken up with a 
concentrated solution of bisulphite of soda, dissolves with considerable 
evolution of heat, aud the solution on cooling yields lamina) of sulphite 
of acetone and sodium. This compound dissolves readily in water, less 
readily in alcohol. When heated alone, it gives off einpyrcumatic pro¬ 
ducts. Distilled with a solution of carbonate of potash, it yields pure 
acetone. (H. Limpricht, Ann. Pharm. 93, 238.) 


6 C. 

. 36 

... 22*2 . 

Limpricht. 
. 21*3 

7 H . 

, 7 

.... 4*3 . 

. 4*1 

30 . 

. 24 

.... 14*8 . 

. )5'7 

NaO . 

, 31 

.... 19*1 . 

. 19*2 

2 SO 5 . 

. 64 

.... 39*6 . 

. 39*7 

Na0,C 6 H 6 0 2 ,2S0 2 + Aq... 

.. 162 

.... 100*0 . 

. 100*0 


If acetone be regarded as aldehyde in which 1 At. H in the radical othyl, is replaced 
by methyl, so that its formula is ^ ^ ^ J, then the sulphite of acetone and 

sodium may be represented by the formula ^ ^ ^ j$ 2 0 4 + 2Aq. 


Acetone with Bisulphite of Potash. — Prepared like the sodium-corn- 
pound ; which it resembles in all its properties. (Limpricht.) 


Limpricht. 

KO. 47*2 .... 27*90 27*21 

C*H 6 Q 2 . 58*0 .... 34-28 

2 SO 2 . 64-0 .... 37*82 


c 4 h 2 (C 2 h 3 )o 2 | s o 04+2A(1 . 169 . 2 100 . 00 

When acetone is mixed with a very strong aqueous solution of bi$ul« 
pkite of ammonia, it dissolves, with sufficient evolution of heat to make the 
mixture boil — The solution does not, however, deposit any crystals, but, 
when evaporated, leaves the compound in the solid form, but still mixed 
with bisulphite of ammonia. The compound distilled with excess of lime 
yields ammonia, together with a volatile inflammable base. [Compare ix, 56.] 
(Limpricht.) 
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Pago 79. 


Stibethyl. 

W. Merck. J.pr. Chem. 66, 56. 

* Lowig and Schweizer, who discovered stibethyl (ix. 79) conclude 
from their analyses, that it combines with 2 atoms of 0, Cl, I, <fcc., so that 
the formulae of the oxide, chloride, Ac. are SbAe 3 ,0 2 ; SbAe 3 ,CP, &c. 
Similar formulae have also been assigned to the compounds of stibemethyl 
(vii. 322), and arsentriethyl (ix. 74). It is possible, however, that the true 
formula) of the stibcthyl-compounds may be (SbAe 3 H)I s or (SbAe 3 )I,HI; 
(SbAe 3 H)Cl 2 or (SbAe 3 )Cl.HCl, <fec. the introduction of a single atom 
of hydrogen making but little difference in the percentage composition, 
e . g . in the chloride, 24*65 p. c. chlorine instead of 24*74. 

To decide upon the true formula of stibethyl, Merck first tried the 
action of ammonia upon the iodide, but the results were not sufficiently 
delinito to lead to any exact conclusion. — The action of stibethyl on 
an iodide of stibethyl was next tried. This action may be represented 
by one or other of the following equations, according to the formula 
adopted for the iodide ; 

(1) . (SbAe 8 )! 2 + SbAe 3 - 2(SbAo 3 )l 

(2) . (SbAe 3 )I 2 + SbAe 8 » (SbAe 4 )I + SbAe 2 I 

(3) . (SbA.e 3 )I, HI + SbAe 3 = (SbA.e 3 H)I + (SbAe*)I 

(4) . (SbAe 3 H)P + SbAe 3 - (SbAe 3 H)I + (SbAe 3 )I. 

Stibethyl was dissolved in ether in a vessel filled with carbonic acid; 
one-half of the solution exactly saturated with iodine and added to the 
other; and the solution left to evaporate in a beaker, through which a 
stream of carbonic acid was continuously passed, by means of a caout- 
chic tube passing down the neck of a funnel inverted over the vessel, and 
reaching nearly to the surface of the liquid. After about half the quantity 
of ether present had been thus evaporated, large, hard, lustrous, regular 
octoliedrons separated out. By further evaporation, more crystals of the 
same form were obtained, but at length a salt was obtained, differing 
from the first both by its form and by its greater solubility in water. 

The octohedral crystals agreed in composition with the formula 
of iodide of stibtriethyl, SbAe 3 I (p. 525), and the more soluble crystals 
gave, as a mean of three experiments, 36*72 p. c. iodine, agreeing with 
the formula (SbAe 3 H)I, which requires 36*73 per cent. The amount 
of iodine required by the formula SbAe 2 I is much greater, viz. 40*26 
p. c. As these results agree with the equations (3) and (4), and are 
inconsistent with (1) and (2), it follows that the formula of iodide of 
stibethyl cannot be (SbAe 3 )I 2 , but must be either (SbAe 3 H)F or 
(SbAe' 5 )I,HI. This is further proved by the following experiments: 
1. When an alcoholic solution of iodine is added to a solution of the 
octohedral salt (SbAe 3 )I in absolute alcohol, the iodine is but slowly 
taken up; but on gently heating the liquid [whereby hydriodic acid is 
formed,] the colour of the iodine disappears very quickly; the same 
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takes place when a little water is added. If iodine be added as long as 
its colour disappears, a white powder separates, and the filtered solution 
yields, by spontaneous evaporation, crystals of the so called iodide of 
stibethyl. If, on the other hand, the aqueous solution of the octo- 
hedral crystals be mixed with hydriodic acid, the so-called iodide of 
stibethyl is immediately thrown down; this salt dissolves completely 
in alcohol, and may he obtained in beautiful crystals from the solu¬ 
tion. But if iodine be added to the crystals last obtained, it cannot 
be made to disappear; and hydriodic acid added to this solution, pro¬ 
duces no separation of iodide of stibethyl. — 2. When hydrochloric add 
is added to the aqueous solution of the oxide (SbAe 3 )0, prepared from the 
octohedral iodide by means of oxide of silver (vid. inf.), each drop of tho 
acid produces a white turbidity, which disappears on stirring; a cor lain 
quantity of acid, however, renders the turbidity permanent; and on adding 
a still larger quantity of acid, a colourless liquid separates, insoluble in 
water, containing 25*16 p. c. chlorine, and exhibiting all tho properties 
of the so-called chloride of stibethyl. [SbAe 8 Cl a or rather SbAo 3 Cl,HCl, 
(ix. 83)]. If this liquid be added to an aqueous solution of the oxide, 
SbAe 3 0, it dissolves immediately, and the solution yields by evapora¬ 
tion a chloride, readily soluble in water, and having tho composition 
SbAe 3 Cl; and if this solution be again mixed with hydrochloric acid, the 
insoluble chloride of stibethyl once more separates. — 3. If the so-called 
iodide of stibethyl be prepared directly, viz, by saturating an alcoholic 
solution of stibethyl with iodine (ix. 82), and its ethereal solution mixed 
with an alcoholic solution of the oxide (SbAe 3 )0, the mixture yields, by 
spontaneous evaporation, the same octohedral crystals that are obtainod 
by the action of stibethyl upon the so-called iodide of stibethyl: 

(SbAe 3 )0 + (SbAe 3 )l,HI = 2(SbAe 3 )I + HO 

Whether the rational formula of the iodide, <fec., of stibethyl ho 
(SbAe 3 )I,RI or (SbAe 3 H)I 2 , &c., cannot be positively decided; but the 
former is the more probable. 

From the preceding experiments, it appears that stibothyl, — or 
stibtriethyl as it is more exactly designated — is, like stibothylium, 
capable of uniting with 1 At. 0, Cl, I, &c.; and tho samo is doubtless 
true with regard to the corresponding compounds, stibtrirncthyl, arson tri¬ 
methyl, and arsentriethyl; wo know also that the hiothyl and bimethyl 
radicals, cacodyl, for example, form compounds of similar constitution; 
hence we may draw the general conclusion that; All ovyano-metallic 
radicals are capable of uniting with 1 A t. of oxygen, chlorine, dec. 


Compounds of Stibtriethyl, (C 4 lI 6 ) 3 Sb. 

Oxide. SbAe 3 0. — Obtained by decomposing the aqueous solution 
of the iodide with pure and recently precipitated oxide of silver. Tho 
filtrate contains a not inconsiderable quantity of silver-oxide in solution, 
which can only be partially separated by concentration, and must there¬ 
fore be removed by careful precipitation with dilute hydriodic acid; 
hydrochloric acid cannot he used, because it dissolves the oxide in some¬ 
what considerable quantity. The filtrate solution is then evaporated, 
first over the water-bath, and afterwards in vacuo over oil of vitriol. 
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Thick, syrupy, transparent, colourless mass, which has a slippery feel 
between the fingers, like very strong potash-ley. It is inodorous; has 
an intensely bitter and biting taste, and a strong alkaline reaction. It 
is somewhat volatile, slight fumes being produced when a rod moistened 
with hydrochloric acid is held over its aqueous solution: it does not, how¬ 
ever, diminish perceptibly in weight when kept, even for a long time, in 
vacuo over sulphuric acid. 



Calculation. 


Sb . 

. 129 .. 

.. 57*59 

12 C . 

. 72 .. 

.. 32*14 

15 H . 

. 15 .. 

.. 6*70 

0 . 

. 8 .. 

.. 3*57 


(C 4 H 5 ) 3 SbO. 224 .... 100*00 


The oxide dissolves readily in water, the solution being attended with 
considerable rise of temperature. The solution precipitates manganous, 
ferrous, ferric, cupric, mercuric and lead salts, without dissolving the 
precipitates in excess. In alumina and zinc salts, it forms white pre¬ 
cipitates, soluble in excess. 

Oxide of atibtriethyl is a strong base; its salts all dissolve readily in 
water, but sparingly in alcohol: they have a bitter taste, but no emetic 
action. 

The oxide dissolves readily in alcohol, but sparingly in ether. 

The Sulphide of stibtricthyl lias not yet been obtained in the separate 
state. On saturating an alcoholic solution of the oxide with sulphuretted 
hydrogen and leaving it to evaporate, fine crystals are obtained, which 
appear to be identical with the so-called sulphide of stibethyl (ix. 81.) 

Carbonate of Stibtricthyl. SbAe 3 0,C0 2 . — Obtained by decomposing 
the iodide with carbonate of silver. On evaporating the filtrate over the 
water-bath, the salt remains in the form of a syrupy mass, without any 
trace of crystallisation. 

Sulphate of Stibtricthyl. SbAe 3 0,S0 3 . — Obtained by decomposing 
the iodide with sulphate of silver. Does not crystallise; but by evapo¬ 
ration, first in the water-bath and then in vacuo over oil of vitriol, it is 
obtained in the form of a transparent gummy mass, which may be rubbed 
to a white powder. Deliquesces readily in the air, and dissolves in all 
proportions in water. 

Merck. 

SbAe 3 0 . 224 .... 84*93 

SO 3 . 40 .... 15*07 14*81 

SbA^0,S0 3 . 26*4 .... 100*00 

Iodide of Stibtriethyl. SbAe 3 I. — Obtained either by exactly satu¬ 
rating tlie oxide with hydriodic acid, the latter being added in the state 
of dilute solution till it produces a permanent cloud, which may then 
be made to disappear by adding a drop of the oxide; or by the action 
of ammonia or stibtriethyl on iodide of stibtriethyl and hydrogen, 
SbAe 3 I,HI. 

Crystallises very readily. By leaving the ethereal solution to evaporate 
large, hard, transparent, colourless, octohedrons or tetrahedrons are 
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obtained, which are inodorous, and have a glassy lustre. They exhibit 
■no trace of decomposition when exposed to the air, even for weeks; they 
are anhydrous, and suffer no loss of weight in vacuo oil of vitriol. 
Crystals of the same form are obtained from tho aqueous or alcoholic 
solution. 

Merck. 





a. 

b. 

c . 

d . 

Sb. 

... 129 . 

... 37*72 .... 

.... 37*84 




12 C . 

... 72 . 

... 21*05 .... 

.... 20*09 .. 

.. 20*65 .. 

.. 20*70 


15 H . 

... 15 . 

4*39 .... 

4*53 .. 

.. 4-03 .. 

.. 4*52 


I . 

... 126 . 

... 36*84 .... 

.... 36*68 .. 

.. 37-70 .. 

.. 37*10 .. 

.. 30-93 

(C<H 8 ) s SbI.... 

... 342 . 

. . 100*00 .... 

.... 99*74 





a and b were obtained by the action of ammonia; c and d by that of stibethyl on 
the compound SbAe 3 I,HJ. 


An aqueous solution of mercuric bromide added to aqueous iodide of 
stibtriethyl, forms at first a yellow precipitate which, however, very soon 
changes to red, the decomposition being then complete. No doubt the 
yellow modification of mercuric iodide is formed at first, and afterwards 
passes into the red. This reaction distinguishes iodido of stibtrietbyl 
from iodide of stibethylium (p. 528.) — When the bromide of mercury 
and iodide of stibtriethyl are mixed in exactly equal numbers of atoms 
and in the state of alcoholic solution, no precipitate is formed; but on 
evaporating the liquid, there remains a slightly yellowish oil, which, 
indeed, separates as the alcohol evaporates; when this oil is shaken up 
with water, red iodide of mercury immediately separates out, and bromide 
of stibtriethyl remains in solution. 

Iodido of stibtriethyl is soluble in water, alcohol, and ether. 

Bromide of Siibtrietkyl. SbAe 3 Bi\ — Obtained by the action of 
bromide of mercury on iodide of stibtriethyl in alcoholic solution, in tho 
manner just mentioned — or better, by adding bromide of barium to tho 
aqueous sulphate of stibtriethyl, as long as a precipitate is formed. The 
filtrate evaporated over the water-bath, and then in vacuo over oil of 
vitriol, exhibited after a week, traces of crystallisation. 

Chloride of Stiltrietfiyl SbAe 3 Cl. — Obtained by decomposing tho 
iodide with corrosive sublimate, tho aqueous solutions of tho two salts 
being mixed in exactly equal numbers of atoms; also by adding chloride 
of stibtriethyl and hydrogen to an aqueous solution of tho oxide (p. 524.) 
Very soluble in water, and crystallises only from highly concentrated 
solutions; no definite crystals were obtained. Forms‘a white, radiated 
mass, which rapidly absorbs water from the air. 


Dried in vacuo over oil of vitriol. 


Merck. 

Sb . 

.... 129*0 . 

... 51*35 


12 C. 

.... 72*0 . 

... 28*63 .... 

.... 28-14 


15 H . 

.... 15*0 . 

... 5*96 .... 

.... 6*19 


Cl . 

. 35*4 . 

... 14*06 .... 

.... 13*90 

.... 13-74 

(C 4 H 6 ) s SbCl . 

... 251*4 . 

.. 109-00 




On a ddmg Wdrochloric acid to the aqueous solution of this salt, the 
acid chloride_ SbAe 3 Cl,HCl, separates in the form of a perfectly colourless 
liquid, containing 25-16 p. c. chlorine; the formula requiring 24 - 78 p. c. 
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The aqueous solution, mixed with bichloride of platinum does not 
form any precipitate; but on evaporating the liquid, a dark-coloured oily 
substance is at length obtained, which, however, has not been further 
examined. 

Nitrate of Stibtriethyl. — a. Neutral . — Prepared by decomposing the 
iodide with nitrate of silver. On evaporating the filtrate, first in the 
water-bath and then over oil of vitriol in vacuo, the whole solidifies in a 
solid radiated mass, which dissolves very easily in water, but does not 
deliquesce in the air. 

Dried in vacuo over oil of vitriol. Merck. 

•SbAe 3 0 . 224 .... 60*57 

NO 5 . 54 .... 19*43 19*0 

SbAe 3 0,N0 5 . 278 .... 100*00 

b. Acid . SbAe 3 0,H0,2N0 5 .— When the neutral nitrate is dissolved 

in dilute nitric acid, and the solution evaporated over the water-bath, the 
acid salt separates in oily drops, which solidify in a crystalline mass on 
cooling; and on dissolving this mass in water and evaporating, the acid 
salt is obtained in beautiful rhomboidal crystals, which dissolve readily in 
hot water. The salt thus obtained exhibits all the properties of the 
nitrate of stibetliyl obtained by Lowig & Schweizer (ix. 84), in which 
they found 32*01 p. c. nitric acid; the above formula requires 31*67. 

Acetate of Stibtriethyl. — When the solution of the oxide is saturated 
with acetic acid and the solution evaporated over the water-bath, there 
remains a thick syrupy residue, which does not crystallise, even after 
long standing in a warm place. (Merck.) 


Page 85. 

Compounds of Stibethylium, (C 4 H 5 ) 4 Sb. 

E. Lowig. J . pr. Chem 64, 415; Chem. Soc. Qu. J . 8, 261. 

Stibethylium is obtained in the form of an iodide by the action of 
iodide of ethyl on stibtriethyl. (Landol,, ix. 85.) 

The Hydrated oxide (C 4 H 6 ) 4 SbO,HO, is obtained by decomposing the 
iodide with oxide of silver. Traces of dissolved oxide of silver are 
removed by the careful addition of hydrochloric acid. On evapo¬ 
rating the liquid in vacuo, the hydrate is obtained in the form of a thick, 
colourless, oily fluid, of a strongly alkaline and intensely bitter taste, 
which quickly renders litmus-paper blue. It dissolves in water and 
alcohol in all proportions, but is insoluble in ether. It Sets ammonia 
free from its compounds, and precipitates the oxides of the heavy metals. 
Oxide of tin and alumina are again dissolved by the excess of the alkali. 
The salts of the alkaline earths are not decomposed by the base. 

The salts are produced by bringing the base in contact with the 
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acids, or by double decomposition. They have a strong bitter taste. 
The carbonate is a tough deliquescent mass. The sulphate and nitrate 
crystallise. The formiate yields needle-shaped crystals, difficult of 
solution. The acetate forms similar crystals, but more soluble. The 
oxalate crystallises; the succinate does not. The neutral tartrate and 
racemate form large deliquescent crystals; the acid tartrate, fine needles. 

Sulphide of Stibethylium, (SbAc 4 )S, is obtained by treating oxide of 
stibethylium with sulphuretted hydrogen. When evaporated without 
access of air, it forms a yellowish oily liquid, which does not crystallise; 
it dissolves readily in water and alcohol, and behaves towards the salts 
of the metals like sulphide of potassium. 

Iodide of Stibethylium . Prepared by introducing a mixture of equal 
parts of stibetlryl and iodide of ethyl into a retort filled with carbonic 
acid, nearly filling the retort with water, sealing the nock, and then 
heating it in boiling water. Combination takes place in two or throe 
hours, and the iodide may be obtained in crystals by evaporating the 
solution on the water-bath, and cooling. During this evaporation, the 
liquid generally acquires a yellow colour, which may, however, be 
removed by the addition of a fow drops of ammonia. 

Crystallises in beautiful hexagonal prisms, often an inch long, or in 
small pointed crystals, which become yellowish when exposed to the air. 
It has a very bitter taste. 1 pt. of it dissolves in 5*26 pts. of water at 20°. 
It dissolves more easily in absolute alcohol, but less easily in ether. 


16 C . 

Anhydrous. 

. 96 .. 

.. 25*88 .... 

Lowig. 
.... 25*79 

20 H .... 

. 20 .. 

.. 5*39 .... 

... 5*61 

Sb.. . 

. 129 .. 

.. 34*77 


I .. . 

. 126 

.. 33*96 .... 

.... 34*28 


(CWVSbl. 

. 371 

.... 100*00 



Hydrated. 


Lowig. 

16 C . 

. 96 

.. . 24*12 .. 

.... 24*14 

23 H . 

. 23 

.... 5*78 ... 

.... 6*12 

feb.. 

. 129 

.. . 32*41 


I. 

. 126 

.... 31*66 .... 

.... 32‘06 

3 0 . 

. 24 

.... 6 '03 


(C 4 H 5 ) :) SbI + 3Aq 

. 398 

.... 100-00 



During the crystallisation of this compound, especially from warm 
solutions, another salt is often formed, with a different amount of water, 
viz. 2(C 4 H 6 ) 4 SbI + 3 Aq. 

Bromide of Stibethylium. — (C 4 H 5 ) 4 SbBr was obtained by saturating 
the oxide with hydrobromic acid. Crystallises in dazzling white, needle- 
shaped crystals, which dissolve very readily in water and alcohol, and 
do not deliquesce in the air. Gives by analysis 24*38 of bromine. 
Calculation gives 24*62. 

JBromate of Stibethylium appears to be formed, together with the 
bromide, by the action of bromine on the oxide. 

Cklm'ide of Stibethylium is obtained by saturating the hydrated oxide 
with hydrochloric acid, or by decomposing 4 At. of the iodide with 3 At. 
Corrosive sublimate, the decomposition yielding 3 At. chloride of stibe- 
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thylium. Crystallises, and is even more deliquescent than chloride of 
calcium. Gives off its water of crystallisation (3 At.) at the heat of the 
water-bath. Has a strong bitter taste. 

Anhydrous. 

16 C . 96-0 .... 34-29 

20 II. 20-0 .... 7-01 

Sb. 129-0 .... 46-04 

Cl. 35-4 .... 12-6 6 

(C 4 H«)<SbCI. 280-4 ... 100-00 

Iodide of Stibethylium and Mercury. — a. 3HgI,(SbAe 4 )I.---When 
a solution of mercuric chloride is added to a solution of iodide of stibe¬ 
thylium, a white precipitate is produced, which melts into an oily liquid 
even at a gentle heat. — Insoluble in water and ether, and dissolves 
with difficulty in boiling alcohol. Crystallises from this solution in 
columnar crystals. If the precipitate be allowed to melt under water 
of 70° C, it solidifies to a white mass, and only exhibits single red spots, 
but becomes entirely red after some time. If the mass which has become 
red be dissolved in boiling alcohol, the white salt separates again in 
hexagonal prisms. Both forms of the salt have the same composition, 
but the red crystals appear to belong to the regular system. 


Lo wig. 


SbAe 4 . 

... 245 . 

... 23*35 



3 Ilg . 

... 300 . 

... 28*60 .... 

.... 29*30 .... 

28*40 

4 1 . 

.. 504 . 

... 48*05 ... 

.... 49*00 .... 

48*60 

3HgI,(C«H 5 )*SbI .. 

.. 1049 .. 

... 100*00 




b. 3HgI,2(SbAe 4 I), is obtained by adding iodide of mercury to a hot 
solution of iodide of stibethylium, until it no longer loses its red colour. 
The conversion of the excess of iodide of mercury is then effected by a 
fresh addition of iodide of stibethylium; none of the latter remains in 
the liquid. The precipitate melts when heated, forming a yellow oil. 

Lowig. 

2 SbAe 4 . 490 .... 34*51 

3 Ilg . 300 .... 21*13 . 20*8G .... 21*80 

5 I . 630 .... 44*36 . 44*56 .... 44*52 

3IIgT,2(SbAe 4 I). 1420 .... 100*00 

Chloride of Stibethylium and Mercury. — Compounds exactly similar 
to those of iodide of mercury with iodide of stibethylium are obtained 
by bringing in contact chloride of mercury and iodide or chloride of 
stibethylium. 1 At. iodide of stibethylium with 3 At. chloride of mer¬ 
cury furnishes the iodine-compound which melts under water, whilst 
the water takes up the corresponding chloride, 3HgCl,(SbAe 4 )Cl. If 
concentrated solutions of chloride of stibethylium and mercuric chloride 
bo mixed, a compound of the formula 3HgCl,2(SbAe 4 )Cl is obtained. 
The former salt is soluble in alcohol and water; the latter forms a white 
powder, which is difficult of solution in water. 

Chloride of Stibethylium and Platinum , 3PtCl 2 ,2(SbAe 4 )CL — Produced 
by mixing a somewhat dilute alcoholic solution of chloride of stibe¬ 
thylium with a similar solution of chloride of platinum, and evaporating 
von. x. 2 m 


Lbwig. 

33*29 .... 33*21 
7*76 .... 7*63 

11*13 .... 12*50 
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the mixture. It is a fine yellow compound, tolerably soluble in water 
and alcohol, which yields 27'78 p. c. platinum; calculation requiring 
27’75 p. c. (Lowig.) 


Page 90. 

Zinc-athyl. C 4 H 5 Zn. 


Frankland. Phil. Trans. 1855j Ann. Phann. 95^ 28; abstr. Proc, 
Roy. Soc. 7, 303. 


To obtain this compound in considerable quantity, Fraukland uses a 
copper digester capable of resisting great pressure. Into this apparatus 
4 oz. of finely granulated zinc, previously dried at 150°, are introduced, 
together with 2 oz. iodide of ethyl, and an equal volume of anhydrous 
ether, and the whole heated in an oil-bath to about 130°. The utmost 
care must be taken to ensure the perfect dryness of all the materials, as 
the smallest quantity of moisture gives rise to the formation of oxide of 
zinc and hydride of ethyl, and greatly diminishes the product; (he 
addition of ether prevents, to a very great extent, the formation of these 
secondary products. When the action is complete, the digester is con¬ 
nected with a distilling apparatus of peculiar construction, and the pro¬ 
duct distilled in an atmosphere of carbonic acid. [For details of the digester 
and of the distilling apparatus, see the references above cited]. 

Colourless, transparent, mobile liquid, which refracts light strongly, 
and has a peculiar odour, rather pleasant than otherwise, thereby differing 
remarkably from, zinc-methyl. Sp. gr. = 1*182 at 18°. Shows no ten¬ 
dency to solidify at — 22°. Boils at 118°, and distils unchanged. Vapour- 
density 4*259. 


4 C. 

5 II...... 

Zn . 


. 24*0 .. 

. 5*0 .. 

. 32-2 .. 

.. 39*22 .. 
.. 8*17 .. 

.. 52*61 .. 

Fraukland. 

. 38-83 

. 8-20 

. 52-27 

C 4 Il 5 Zn .... 


. 61*2 .. 

... 100*00 .. 

. 99*30 

Or: 




Frankhmd. 

C 4 H 5 . 


. 20*0 

... 47-30 .. 

. 47*32 

Zn . 


. 32*2 , 

... 52*61 .. 

. 52*07 

CH 5 Zn .. 


. 61-2 . 

.... 100*00 . 

. 90-99 


Vol. 

Density. 

Or: 

Yol. Density. 

C-vapour. 

.. 4 .. 

.. 1*6640 



H-gas .. 

.. 5 .. 

... 0*3465 

CW . 

... I .... 2-0105 

Zn-vapour . 

.. 1 .. 

.. 2-2471 

Zn . 

... I .... 2-2471 

Vap. of C 4 H 5 Zn... 

. 1 .. 

.. 4*2576 


1 4*2576 


From this it would appear that the vapour-volume of zinc is equal only to that of 
oxygen, instead of that of hydrogen as is commonly supposed,—in other words that zinc- 
vapour is not monatomic but diatomic (i. 53). Zinc-ethyl appears therefore to belong 
to the so-called water-type (vii. 46), and to consist of 2 volumes of ethyl and 1 vol. of 
zinc-vapour, the three volumes being condensed into two; for, on the assumption that an 
atom of zinc occupies the same vapour-volume as an atom of hydrogen, we should have 
the anomaly of the combination of two gases in equal volumes attended with conden¬ 
sation. 
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Zinc-ethyl is remarkable for the intensity of its affinities, being acted 
upon with violence by oxygen, chlorine, bromine, &c.; nevertheless, it 
docs not appear to be capable of forming any true compounds with 
electro-negative elements, its reactions being all double decompositions in 
which the constituents of the zinc-ethyl separate. On coming in contact 
with oxygen gas or atmospheric air, it takes fire spontaneously, and 
burns with a bright blue flame bordered with green, and gives off dense 
vapours of zinc-oxide. A cold body held in the flame soon becomes covered 
with a black film of metallic zinc, surrounded with a white border of 
oxide. The products of this rapid combustion are carbonic acid, water, 
and oxide of zinc. If, on the contrary, zinc-ethyl, diluted with three 
times its volume of ether, be introduced into a vessel filled with dry 
carbonic acid gas and immersed in a freezing mixture, and a stream of 
oxygen slowly directed upon it, a rapid action takes place, at first 
attended with formation of white fumes; but this soon ceases, and a 
white precipitate begins to separate; if the vessel be frequently shaken, 
to break a crust which forms on the surface, the action goes on slowly 
and steadily, and is complete in about four days. During the latter 
stage, after the white fumes have ceased to form, a considerable quantity 
of gaseous hydride of ethyl is evolved. The product of the oxidation is 
a white amorphous mass, consisting of ethylate of zinc C 4 H 6 Zn0 2 , mixed 
with smaller quantities of acetate and oxide of zinc. One experiment 
yielded in 100 pts.: 68*28 p. c. ethylate of zinc, 16*70 acetate, and 15*02 
oxide. The formation of these products is represented by the following 
equations: 

C 4 H r, Zn + 20 = C l H 5 0,Zn0 
ethylate of zinc. 

C 4 H 6 Zn + C 4 H r, 0 + 20 = C 4 H 3 Zn0 4 + C 4 H 5 ,H + HO. 

acetate of hydride 

zinc. of ethyl. 

C 4 H 5 0,Zn0 + 2HO = ZnO,HO +' C 4 H G 0 2 

The first action of the oxygen appears to he that represented by the 
first equation, and to continue as long as the vapours of zinc-ethyl are 
diffused through the vessel and absorb the oxygen as fast as it enters; 
after this, the second action takes place, hydride of ethyl and free 
oxjrgen being then present in the vessel together. Lastly, as hydrated 
oxule of zinc and zinc-ethyl could scarcely exist together, the action 
represented by the third equation probably takes place only after all the 
zinc-ethyl has been oxidised. The action of oxygen on pure zinc-ethyl 
was also tried in a similar manner, hut did not yield any definite 
results, the oxidation being greatly disturbed and retarded by the for¬ 
mation of a solid crust on the surface of the liquid. As however the 
production of acetate of zinc and hydride of ethyl in the experiment 
above described is clearly due to the ether present, we may conclude 
that the essential product of the slow oxidation of zinc-ethyl is ethylate 
of zinc. 

Zinc*ethyl is acted upon with great energy by iodine; when the 
violence of the action is moderated by the application of intense cold and 
the intervention of ether, the sole products are iodide of zinc and iodide 
of ethyl; 

C 4 H 5 1 fl _ C 4 H 5 I 
Zn/ + tl““ Znl 

2 M 2 
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Bromine acts with explosive violence on zinc*ethyl, hut tlie action 
may he moderated by adding the bromine in the form of diffused vapour, 
and cooling to 0°. The sole products are then bromide of ethyl and 
bromide of zinc. 

Zinc-ethyl burns spontaneously, and with a lurid flame, in chlorine 
gas, forming chloride of zinc and hydrochloric acid, and depositing 
carbon. The products of a more moderate action are probably similar to 
the preceding. 

When zinc-ethyl is gently heated with flowers of sulphur^ a white 
precipitate is formed, and a strong odour of sulphide of ethyl developed. 
The principal product is mercaptide of zinc, C 4 H 6 S,ZnS. 

Zinc-ethyl is decomposed by water into zinc-oxide and hydride 
of ethyl: 

C 4 H s Zn + HO = CW,H + ZuO 

Hydrated acids act upon it in a similar manner. 

The action of the electro-negative elements upon zinc-ethyl, combining 
as they do, partly with the zinc and partly with the ethyl, affords a 
striking example of the peculiar condition, — polarity as it may be 
called, — of elements at the moment of chemical change, originally 
pointed out by Brodie. {Phil. Trans. 1850, 789.) Ethyl in the free state 
shows no inclination to unite with oxygen, chlorine, &c., but in prcsonce 
of zinc, it enters readily into combination with those elements. (Frankland.) 


Page 110. 

Phosphate of IPydrargethyl. — Prepared by digesting tribasic phos¬ 
phate of silver and chloride of liydrargethyl with weak alcohol, con¬ 
centrating the filtrate at the gentlest possible heat, extracting the 
phosphate of liydrargethyl from the syrupy solution with water, and 
leaving the solution to evaporate in vacuo; it forms a viscid, translucent, 
nearly colourless mass. 


Sulphate of liydrargethyl was prepared by agitating 1 At. of finely 
pulverised sulphate of silver with the alcoholic solution of 1 At. chloride 
of liydrargethyl and evaporating the filtered liquid, Crystallises in 
silvery laminae. 


2 Hg 

4 CL.. 

5 H 
O 

SO 3 


C 4 H 5 Hg 2 0,S0 3 


DUuliaupt, 


200 .... 72-20 . 71*43 

24 .... 8-66 8*8B 

5 .... 1*81 1*90 

8 .... 2-89 3*39 

40 .... 14*44 14*40 


277 .... 100*00 . 100*00 


Nitrate of Hydrargethyl. — Obtained by saturating the base -with 
nitric acid. Remains when the aqueous solution is evaporated over the 
water-bath, in the form of an oily liquid, which solidifies in a tallowy 
mass on cooling. It dissolves readily in water and alcohol, and burns 
away with slight detonation when heated. 
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2 Hg . 

. 200 .. 

.. 68-73 

Dunhaupt. 

4 C . 

. 24 

... 8*23 . 

. 8*44 

5 H. 

. 5 . 

... 1*74 . 

. 1-84 

0 . 

. 8 * 

... 2 . 75 


NO 5 . 

. 54 . 

... 18*55 . 

. 10*80 

C 4 H 5 Hg 2 0,N0 5 . 

. 291 . 

... 100*00 



Tlie Oxalate and Acetate of liydrargethyl are crystallisable. (Diinliaupt, 
J. jpr. Ghent . 61, 399; Ann . Pharm. 92, 382.) 


Page 150. 

Sodio-antimonic Oxalate . — When bioxalate of soda is boiled with a 
largo quantity of water and an excess of antimonic oxide, the solution 
yields on cooling an abundant crop of transparent shining crystals 
belonging to the oblique prismatic system. They are rhombic prisms, 
with the acute lateral edges slightly truncated; and an oblique terminal 
face resting thereon. — (For the figures and crystallographical details of this and 
the following salts, see Rammelsberg* s Memoir, Pogg. 95, 177.) They are decom¬ 
posed by water, like the potash-salt a (ix. 149,) with separation of anti¬ 
monic oxide. (Ramnielsberg.) 


Crystals . 

11 C 2 0 3 . 

.. 396 . 

... 39*54 . 

Rammelsberg. 
. 39*11 

5 NaO . 

.. 156 . 

... 15*62 . 

. 16-41 

2 SbO 3 . 

... 306 . 

... 31*36 . 

. 30*39 

15 IIO. 

.. 135 .. 

„ 13*48 .. 

. 13*17 

5(Na0,C 2 0 3 ) + 2(Sb0- 1 ,3C 2 0 3 ) +13 Aq. .. 

.. 993 . 

. 100*00 . 

. 99*08 


This salt corresponds in composition, excepting that the amount of water is twice 
as great, with the potash salt above referred to, and like that salt may be regarded as 
consisting of [3(NaO,C 2 0 3 ) + (Sb0»,3C*0*)] + [2(Na0,C 2 0 3 ) + (Sb0 3 ,3C 2 0 3 )]. 
It has not however been found possible to obtain one of these component salts sepa¬ 
rately, as was the case with the potash-salt. The mother-liquor contained one or more 
salts of different composition, but they could not be separated or obtained in distinct 
crystals. (Rammelsberg.) 


Page 152. 

AmmoniO'Cadmic Oxalate .— Recently precipitated cadmic oxide dis¬ 
solves when boiled with a solution of neutral oxalate of ammonia, and 
the liquid on cooling deposits the double salt in indistinct^ crystalline 
masses. This salt decomposes when heated in a covered crucible, ammo¬ 
nia bein 0 '" evolved and cadmium reduced, part of which volatilises; on 
opening the crucible, the mass burns with a glimmering light, and forms 
brown cadmic oxide. (Rammelsberg, Pogg. 95, 196.) 

Rammelsberg. 


k rsr»3 . 

. 180 .. 

.. 42-90 .... 

.... 42*76 

r^n 

. 64 .. 

.. 15*19 .... 

... 15*89 

A ■\TW4fl 

. 104 . 

. 24*78 .... 

.... 25*01 

8 HO . 

.. 72 .. 

.. 17*13 



4(NH 4 0,C 2 0 3 ) + (Cd0,C 2 0 3 ) + 8Aq. 420 .... 100*00 
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Page 152. 


Stannous oxalate . 
is anhydrous. 


According to an analysis by Liinnami, this salt 

LUrmaim, 


2 SnO. 136 .... 65*37 . 61*45 

C 4 0 G . 72 .... 34*63 . 35*00 


C 4 Sn 2 0 8 . 208 .... 100*00 . 99*45 

Ammonio-stannous Oxalate. — Colourless transparent crystals, the 
form of which could not bo determined, but appears to bo identical with 
that of the potasli-salt. {inf.) Analysis gave 40*23 p. c. oxalic acid, and 
28*63 stannous oxide, agreeing with that of Hausmann & Lbwonthal, 
(Rammelsbcrg, Pogg. 95, 195.) 

Potassio-stannous Oxalate. — Obtained by precipitating protochlorido 
of tin with oxalic acid, and boiling the precipitate with a solution of 
neuti*al oxalate of potash. Separates from the solution in transparent 
crystals, mostly very small: they belong to the doubly oblique prismatic 
system. (Rammelsberg.) 


SnO . 

. 68 .. 

.. 34*66 ... 

Llirmatm* 
. 34*79 

ICO . 

. 47 .. 

.. 24*05 . 

. 24*17 

C 4 0 R . 

. 72 

.. 36*70 ... 

... 30*93 

HO . 

. 9 .. 

... 4-59 



C'SnKO 8 . 196 .. 100*00 


The analysis agrees with that of Hausmann & Lowcntlml. 

Potassio-cobaltous Oxalate. — Oxalate of cobalt dissolves in a solution 
of neutral oxalate of potasli, forming a red liquid, which deposits a 
double salt in small deep red crystals. Rhombic prisms, with truncated 
acute lateral edges and four-sided summits, the acuto lateral edges of 
these summits being also truncated by laces resting on the lateral edges 
of the prism. Being very small, and having hut little lustre, it was 
found impossible to measure them exactly, or to determine whether they 
belong to the right or the oblique prismatic system. They dissolve in 
water, forming a clear solution. (Rammelsbcrg, Poyy. 95, 197.) 


CoO . 

Crystals. 

... 37*5 .. 

.. 17-79 . 

Rammelsberg. 
. 18*37 

ICO. 

. 47*0 .. 

.. 22*38 . 

. 21*13 

w . 

.. 72*0 .. 

.. 34*18 , 

. 33*40 

6 HO . 

. 54*0 ... 

.. 25*65 



C 4 CoKLO s + 6Aq... 210*0 .... 100*00 


Potassium-nichel Oxalate. — Obtained like the cobalfc-salt in green 
indistinct crystals of analogous composition. (Rammelsberg.) 


NiO . 

Crystals . 


Rammelsberg. 

.. 37*5 .. 

.. 17*82 . 

. 17*98 

KO. 

. 47*0 .. 

.. 22*38 . 

. 22*23 

C 4 0 6 . 


... 34*18 . 

. 34-04 

6 HO. 

. 54*0 .. 

... 25*62 


C 4 NiK0 8 + 6Aq..., 

. 210*5 . 

... 100*00 
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Page 165. 

Ammonio-cupric Oxalate . — By heating cupric oxalate with neutral 
oxalate of ammonia, this salt is obtained in small but well defined rliom- 
boidal prisms, belonging to the doubly oblique prismatic system, and 
isomorphous with those of the potash-salt with 2 At. water. Some¬ 
times made-crystals are obtained. (Rammelsberg.) 


CuO . 

Crystals. 

.. 25*64 ... 

Liirmann. 
. 25*31 

NU‘0 .... 

. 26 .. 

.. 16 67 ... 

. 16*72 

cm 8 . 


.. 46*15 ... 

. 45*60 

2 no . 

. 18 . 

.. 11*54 



C 4 (Cu,NH 4 )O s + 2Aq. 156 .... 100*00 

The analysis agrees nearly with that of Vogel (ix. 165.) 

Potassio-cupric Oxalate. — a . With 2 At. water. — Cupric oxalate 
obtained by precipitating the acetate with oxalic acid, is boiled with a 
solution of neutral oxalate of potash, so as to saturate the latter as com¬ 
pletely as possible. On cooling, the double salt separates in crystals, 
belonging to the double oblique prismatic system, and having the colour 
of blue vitriol. The salt is decomposed by water, with separation of 
cupric oxalate. (Rammelsberg, Fogy. 93, 184.) 


CuO . 

. 40*0 .. 

.. 22*57 .. 

Liirmann. 
. 22*42 

KO. 

. 47*2 .. 

.. 26*64 .. 

. 26*09 

C 4 0« . 

. 72 0 .. 

.. 40*63 .. 

. 39*54 

2 HO. 

. 18*0 .. 

.. 10*16 



C 4 CuK0 8 + 2Aq. 177*2 ... 100*00 

The water is wholly expelled at 100°. At 200° the salt begins to 
decompose, and if the air he excluded, leaves a mixture of carbonate of 
potasll and cuprous oxide. — In an experiment in which the salt was ignited in a 
small retort, the residue amounted to 57*8 p. c. Supposing this to contain 39*41 pts. 
of carbonate of potash, there remains 18*7 for the copper and oxygen. Now 22*57 
CuO « 20*31 Cu 2 0. The experiment gave somewhat less, and yet no metallic copper 
could be detected in the residue. (Rammelsberg.) 

b. With 4 At. Water. C 4 CuK0 8 + 4Aq. The needle-shaped salt 
described by Vogel. It is often deposited after the preceding, but some¬ 
times alone, especially when the solution contains an excess of oxalate 
of potash, a circumstance likewise observed by Vogel. The crystals do 
not admit of exact measurement, partly from their smallness, partly 
from the rapidity with which they effloresce. They are extremely thin 
six-sided prisms, in which angles of 108° 52' and 72° 30' have been 
observed. Lurmann's analysis gives 20*63 p. c. CuO and 23*42 KO. 
(Rammelsberg.) 

Isomorphous mixture of A mononio-cupric and Potassio-cupric Oxalates . 
—When cupric oxalate is heated in a mixed solution of the oxalates of 
ammonia and potash, crystals are obtained, having the form of either salt, 
and containing 2 At. of the ammonia-salt with 3 At. of the potash-salt. 
(Rammelsberg.) 
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CuO .. . 

. 40-0 .. 

.. 23*70 ... 

Liirmann. 
. 23-96 

i KO ... 

. 28-3 .. 

.. 16-78 ... 

. 17*56 

» nh 4 o . 

. 10-4 .. 

.. 0-17 ... 

. 6*90 

0 c 4 0 6 . 

. 72-0 . 

... 42-68 ... 

. 41*27 

2 HO ... 

. 18*0 . 

... 10-67 


C 4 CufK|(NH 4 )0 8 + 2Aq. 

. 168:7 . 

... 100*00 



Pago 195. 


Chloride of Othyl. {Acetyl) — C 4 H 3 0 2 ,C1. — According to II. Ritter, 
(Ann. Pharm. 95, 208,) Gcrhardt’s method of preparing this compound by 
the action of oxychloride of phosphorus on acotato of soda, never yields 
the calculated quantity, because a considerable quantity of anhydrous 
acetic acid is formed at the same time; tho formation of the lattor product 
may be diminished by gradually adding the acetate of soda to the oxychlo¬ 
ride, but cannot be prevented altogether. But with glacial acetic acid and 
pentacliloride of phosphorus, the chorido of othyl may be readily obtained 
in a state of purity, and in large quantity. 1 At, glacial acetic acid is added 
by separate portions to 1 At. pentacliloride of phosphorus contained in a 
tubulated retort. Each portion added produces effervescence from escape 
of hydrochloric acid gas, and a large portion of the chloride of othyl 
distils over. The remainder and the resulting oxychloride of phosphorus 
are driven into the receiver by gentle heat, and the two liquids separated 
by distillation, the separation being easily effected, as their boiling points 
differ considerably. The mixture which ultimately remains in tho 
retort, may be utilised for tho preparation of anhydrous acetic acid, by 
distillation with acetate of soda. 


C 4 H 4 0 4 + PCl r > = CTFCm + PCFO 2 + I-IC1 


Anhydrous acetic acid, distilled with pontachloridc of phosphorus, 
likewise yields chloride of othyl, but without formation of hydrochloric 
acid. 

Oxychloride and terchlorido of phosphorus do not act upon glacial 
acetic acid. (Ritter.) According to Bochamp, on the other hand, ter- 
chloride of phosphorus acts both on monohydrated and upon anhydrous 
acetic acid, forming chloride of othyl (p. 487). 

Bromide of Othyl. — C 4 H 3 0 2 ,Br. — 1 At. glacial acetic acid and 1 At. 
pentabromide of phosphorus form bromide of othyl, oxybromide of 
phosphorus, and hydrobromie acid. 

C 4 H 4 0 4 + PBr 5 = C 4 IT 3 0 3 Br + PB^O 2 * IIBr. 


Colourless strong-smelling liquid, which instantly turns yollow on 
exposure to the air. A drop of it placed on tho skin colours it yellow, 
and imparts to it a persistent odour, like that of phosphuretted hydrogen. 
Water quickly decomposes it, forming hydrobromie and acetic acid. 
Roils at about 81°. 


C 4 H 3 0 2 .. 43 .... 34*96 

Br . 80 .... 65-04 


Ritter. 

65-00 


C 4 H 3 0 2 Br 


123 .... 100-00 
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Tho attempt to obtain Iodide of Othyl in the pure state was not 
successful Iodide of mercury or silver, heated with chloride of othyl 
in a sealed tube, at the temperature of tho water-bath, for several days 
produced no perceptible action.—When iodine and phosphorus were 
added alternately to glacial acetic acid, and the liquid distilled, a large 
quantity of hydriodic acid was evolved, and a liquid strongly coloured 
by iodine distilled over below 100°; but it continually gave off hydriodic 
acid, and did not exhibit* a constant boiling point, even after several recti¬ 
fications. The phosphorus was completely converted by this reaction 
into the red modification. — It might be expected that iodide of othyl would be 
produced by the simultaneous action of the iodine and terchloride of phosphorus on 
glacial acetic acid, according to the equation: 

C 4 H 4 0 4 + PCI 3 + 21 = C 4 H 3 0 2 I + PCPO 2 + HI. 
but the process yields nothing but biniodide of phosphorus. (Ritter.) 


Page 216. 

Gomlurent properties of Per chlorinated Ether , C 4 C1 5 0.—When per- 
chlorinatcd ether acts upon an organic salt containing a volatile acid, 
tho two bodies decompose each other, the perchlorinated ether being 
reduced to protochloride of carbon, C 4 Cl il , the metal being converted into 
chloride, and the other elements arranging themselves in such a manner 
as to produce the normal [monohydrated acid], together with carbonic 
acid and combustible gases. Thus witli acetate of soda: 

C 4 C1 5 0 + 2C 4 II 3 Na0 4 = 2C 4 CP+ 2NaCl + C 4 H 4 0 4 + (2C0 2 + 2CO + H). 

Similarly with the butyrates, valerates, benzoates, succinates, pyrocitrates, 
phthalates, camphoratcs, and salicylates. The alkaline salicylates, how- 
over, exhibit an exception in this respect, that, instead of salicylic acid, 
there is formed a mixture of various substances soluble in alkalis, which 
have not been further examined. — With the formiates, the result is 
more simple, inasmuch as the oxygen and chlorine present are sufficient 
for tho complete combustion of the elements of the salt; thus, 

C 4 C1 5 0 + CTINaO 4 = 2C0 2 + IIO + NaCl + C 4 C1 4 . 

With tho salts of bibasic acids, e. g. camphoric acid, a similar reaction 
occurs, excepting that, instead of the hydrated acid, there is obtained a 
mixture of the anhydrous acid [anhydride] with water. (Malaguti, 
Gompt. rend . 41, 625.) 
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Pago 247. 

Acetylium. c*NH» = N {11,11,11,(0*11*)} 

J. Natanson. Ann. Pharm . 92, 48; Chm % Soc, Qu. J. 8, 150. 

Acciylammonhim. 

Obtained in the form of chloride by tlio action of chloride of etbyleno 
(chloride of acotyl and hydrogen) on ammonia at high temperatures : 

C'H 3 C1,IICI + 2NI-1 1 = NH'Cl + C '{p}N,Cl. 

When 1 pt. of chloride of ethylene and 5 pts. of strong ammonia are 
enclosed in a scaled tube, and heated in an oil-bath to 150° (no action 
takes place at 100°), the chloride of ethylene is completely absorbed in 
a few hours, and the whole converted into a yellow, watery, homogeneous 
liquid. On oponing the tube, the odour of chloride of ethylene is no 
longer perceptible; and if the liquid bo left to evaporate over oil of 
vitriol, or in a warm place, sal-ammoniac separates, and a mother-liquor 
is obtained, which yields nothing but water and ammonia by distillation 
with hydrate of lime, and therefore does not contain any volatile organic 
base; hut on treating it with recently precipitated oxide of silver, 
evaporating the filtrate to dryness at a gentle heat to expel the ammonia, 
and exhausting the residue with water, a solutiou is obtained, having a 
strong alkaline reaction, and therefore indicating the presence of a non¬ 
volatile base. This solution blackens on exposure to tho air, and 
deposits reduced silver; and on removing the silver by sulphuretted 
hydrogen, expelling the excess of that gas from tho filtrate by boat, 
neutralising the liquid with sulphuric acid, decomposing tho sulphate 
with caustic baryta (taking care to avoid an excess), and extracting 
with alcohol, the base is obtained in tho free state. 

Hydrated oxide of Acetylium thus obtainod is a yellowish, inodorous, 
viscid mass, which dissolves readily in water and alcohol. It is charred 
by beat, giving off a faint but characteristic odour. Tho aqueous 
solution has a strong alkaline reaction, a slightly caustic taste, and when 
boiled, gives off the peculiar faint odour of alkalino solutions. It absorbs 
carbonic acid from the air, and afterwards effervesces with acids. It 
expels ammonia from ammoniacal salts. Does not dissolve alumina. 
Dissolves oxide of silver with great facility, but the silver is quickly 
reduced when the liquid is heated. 

Calculation. 


4 C . 

. 24 . 

... 39*31 

N. 

. 14 . 

... 22*96 

7 H J . 

. 7 . 

... 11*48 

2 0... 

. 16 . 

... 26*22 

C H3 3 }nO,HO . 

. 61 .. 

.. 100*00 


Metameric with aldehyde-ammonia, NH 3 ,C 4 Ii 4 0 2 , with which it agrees in certain 
respects, e.g in its reactions with silver-salts (inf.); it is however sufficiently distin- 
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guished by its fixity, its basic properties, and its permanence in the presence of acids and 
alkalis. It is the first example of a fixed organic base of the ammonium-type in which 
only one of the hydrogen-atoms of the ammonium is replaced by an organic radical. 

Tho Halts of acetylium arc very hygroscopic, becoming moist in a few 
seconds after drying; lienee their analysis presents great difficulties. 
Alcohol precipitates them from their aqueous solutions. They are all 
insoluble in ether. They are decomposed by aqueous ethylamine at 
ordinary temperatures; but on boiling the liquid, the ethylamine is 
expelled, in consequence of its volatility. 

When ammonia and nitrate of silver arc added to a solution of 
tho base or of either of its salts, and the liquid is boiled for some 
time, an extremely beautiful specular deposit of silver is formed. This 
reaction is slower with the chloride than with the other salts, because 
the separated chloride of silver is difficult to reduce. — When nitrite of 
silver is added to a solution of the chloride of acetylium, and the 
liquid heated, aldehyde is copiously evolved, especially on addition of a 
few drops of sulphuric acid : 

C 4 NH 6 0 + NO 3 = CWO 3 + 2N + 2HO. 

Sulphate of Acetyliim. —Precipitated by alcohol from a moderately 
concentrated aqueous solution in white flakes; from a stronger solution 
as a non-misciblo yellow liquid. Has a slight acid reaction, even if tho 
aqueous solution, before precipitation, has been made alkaline by excess 
of base. When dried, it forms a yellow viscid mass. 

Dried at 100°. Natanson. 

C 4 NII°0 . 52 .... 50*53 

SO 3 . 40 .... 43-47 .. 40*77 .... 4 M3 

C 4 NH c 0,S0 3 . 92 .... 100*00 

The deficiency of sulphuric acid arises from the great difficulty of drying the salt. 
Such an analysis not being sufficient to establish the constitution of the salt, confirma¬ 
tion was sought in the relative quantities of carbonic acid and nitrogen obtained by 
combustion. The ratio found by experiment was N : CO 3 — 1*391; calculation 
giving 1 : 4* 

Nitrate. — Resembles the sulphate. 

Chloride. — The formation of this salt has been already described. 
It may also be obtained by neutralising the solution of the oxide with 
hydrochloric acid. Its aqueous solution docs not mix in the concentrated 
state with alcohol, but remains as a heavy stratum at tho bottom; but 
in the dilute state, tho chloride, unlike tho other salts, is not precipitated 
by alcohol. 

Mercury-salt , — Corrosive sublimate added to the chloride forms a 
white precipitate, very sparingly soluble in cold, but dissolving pretty 
readily in hot water, and separating out again on cooling; it is insoluble 
in alcohol. 

Gokl salt — Chloride of gold forms with chloride of acetylium an 
orange-yellow amorphous precipitate, which dissolves readily when the 
liquid is heated, hut is decomposed almost immediately, the gold being 
reduced to the metallic state. 

Platinum-salt . — Bichloride of platinum forms with chloride of acety¬ 
lium a deep orange-yellow, filmy precipitate, which afterwards cakes 
together. 
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Natanson, 


44*0 

99*0 

106*2 


17-66 

39*73 

42*61 


38*22 


C 4 NH 6 Cl,PtCl 2 . 249*2 .... 100*00 

Oxalate. — Precipitated by alcoliol from tho aqueous solution, in tho 
form of a white gelatinous precipitate, which, if the solution is concen¬ 
trated, converts the liquid into a pasty mass. (Natanson.) 


Page 300. 

Fulminating Mercury. — Liebig {Ann. PJumn. 95, 284) givos tho 
following process for preparing this compound: 3 pts. of mercury aro 
dissolved in 36 pts. of nitric acid of sp. gr. 1*34 to \ *345, in a wide glass 
flask capable of holding at least 18 times the quantity of liquid actually 
used, so that the greater part of the cooled nitrous acid gas may romain 
within it. As soon as the metal has completely disappeared, tho solution 
is decanted into a second vessel containing 17 pts. of alcohol of 90° 
to 92° (Tralles), then immediately poured back again into the first 
vessel, and briskly agitated to promote the absorption of the nitrous 
acid. In 5 to 10 minutes, gas-bubbles begin to rise, and there is formed 
at the bottom of the vessel a strongly refracting, specifically heavier 
liquid, which must be mixed with the rest by gentle agitation. A 
moment then arrives when the liquid becomes black from separation of 
metallic mercury, and an extremely violent action is set up, with 
evolution of a thick white vapour, and traces of nitrous acid; this action 
must bo moderated by gradually pouring in 17 pts. more of tho same 
alcohol. The blackening then immediately disappears, and crystalline 
fulminating mercury begins to separate; towards tho end of tho operation, 
the little crystals are kept floating on the surface in curdy masses hy 
the rising gas-bubbles, which however escape as tho alcohol is poured in, 
so that ultimately, when tho liquid has cooled, all tho fulminating 
mercury is found at the bottom. By this method, not a trace of mercury 
is left in solution, and the quantity of fulminating mercury obtained is 
exactly that which calculation assigns, viz. 4*6 pts. (Liebig.) 

Schischkoff {Bull, de St. Fetersb. Cl. Fhys. Math . 14, 98; Ann. 
Fharm. 97, 53; Chem. Gaz. 1855, 420,) has analysed fulminating mercury 
prepared from a solution of mercury in excess of nitric acid, and obtained 
results agreeing with the formula C 4 N 2 Hg 3 0 4 (or ONXHg 2 , ix. 301). 
By recrystallisation from water, the salt is obtained in white or slightly 
yellowish silky needles, which, when dried at 100°, contain L At. water 
of crystallisation. The drying, even at this temperature, is attended 
with the greatest danger. 


4 e. 

Anhydrous. 
. 24 . 

... 8*45 . 

Schischkoff. 
. 8*48 

2 N . 

. 28 . 

... 9*86 . 

. 9*92 

2 %. 


... 70-42 . 

. 70-33 

4 0 ... 

. 32 . 

... 11-27 . 

. 11*27 

cfisragw 


... 100*00 . 

. 100*00 
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4 C. 

Hydrated (at 100°). 

8*19 

Schischkoff. 

2 N . 


9*56 


2 Hg. 


68*26 . 

. 68*25 

4 O. 


10*92 


HO. 

. 9 .... 

3*07 



C 4 N 2 Hg 2 0 4 + Aq . 293 .... 100*00 

[The mercury-determinations formerly given by Liebig and by Howard (ix. 301) 
were probably made upon the hydrated salt; but they are too small even for that.] 

A slightly heated solution of mercuric nitrate, acidulated with nitric 
acid, dissolves a large quantity of fulminating mercury; at a higher 
temperature, violent evolution of carbonic acid and nitrogen takes place, 
and a yellow precipitate is formed, which is blackened by ammonia, and 
when the mercury is separated from it by sulphuretted hydrogen, yields 
a mixture of two acids. When the operation is complete, the filtrate 
contains a large quantity of mercurous nitrate. 

The two acids thus obtained may bo separated by adding ammonia, 
evaporating to dryness, and treating the residue with absolute alcohol. 
The undissolved portion, recrystallised from water, forms, with lime and 
baryta salts, a precipitate containing nitrogen, and an extremely explo¬ 
sive salt with silver. The portion which dissolves in the alcohol does 
not prccipitato lime-salts; with nitrate of silver, it forms a detonating 
salt also containing nitrogen. These two acids appear to be identical 
with those which arc obtained by the action of nitrous acid and of 
hydrochloric acid and the alkalis on fulminuric acid (p. 557); the 
mercuric nitrate, in passing to the state of mercurous salt, acts upon the 
fulminating mercury in the same manner as nitrous acid, more readily 
however, because the fulminating mercury is in solution. (Schischkoff.) 

A solution of caustic potash, even when very concentrated, has no 
action upon fulminating mercury at ordinary temperatures; but if tlie 
potasb be lieated, and the fulminating mercury added by small portions, 
a violent action takes place at each addition, the liquid boiling strongly, 
and an olive-green precipitate being formed: cyanate of potasb remains 
in solution. No ammonia is evolved during this reaction; but when the 
operation is ended and the excess of potash neutralised by an acid, the 
liquid is found to contain a large quantity of ammoniacal salt. A portion 
of the nitrogen is contained in the olive-green precipitate; for when this 
precipitate is dissolved in hydrochloric acid, the salt NH 3 Cl,2HgCl -f- HO 
is formed, besides mercuric chloride, and crystallises on evaporation. — 
The olive-green precipitate was formerly supposed to be mercurous oxide, 
and on this account some chemists regarded fulminating mercury as a 
mercurous salt. This supposition, however, is negatived, both by the 
composition of fulminating mercury, and by its solubility in hydrocliloric 
acid. (Schischkoff.) 

Fulminating mercury forms crystalline compounds with the chlorides 
and iodides of the alkali-metals. When gently heated with a dilute 
solution of iodide of potassium, it dissolves, forming a yellow solution, 
which at a stronger heat becomes darker, and afterwards cherry-red. In 
both cases, small, white shining laminae separate on cooling. These 
crystals are highly explosive; become red when exposed to light in a dry 
state, from formation of small crystals of mercuric iodide; and are insoluble 
in water and alcohol. They contain 52*4 per cent, of mercury, approxi¬ 
mating to the formula KI,2C 4 N 2 Hg 2 0 4 , which requires 54*4. — The 
chlorides of potassium, sodium, and ammonium, form similar compounds, 
under the same circumstances. (Schischkoff.) 
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When fulminating mercury is boiled with a solution of chloride or 
iodide of potassium, the fulminic acid is converted into a new acid, 
fulminaric acid , C G N 3 H 3 0°, isomeric with cyanurie acid. (Liebig, Schisch- 
koff.) — According to Liebig (Ann* Pharm. 95, 283), when fulminating 
mercury recently precipitated, well washed, and still moist, is boiled with 
a very dilute solution of the chloride of an alkali-metal, it dissolves com¬ 
pletely after a quarter of an hour’s boiling,* but soon afterwards decom¬ 
position takes place, attended with separation of light yellow mercuric, 
oxide, and the liquid filtered after the precipitate has settled down, con¬ 
tains a fulminuratc of the alkali, together with chloride of mercury: 

SC'N-HgcO* + 2KCI + 4 HO = 2C (! N*'(KLP)O l + 4lIgO + 2IJgCl. 

fulminating fulminuratc of 

mercury. potash. 

The mercury may bo precipitated from the filtrate by ammonia, and the 
liquid, after sufficient concentration and cooling, yields crystals of the 
alkaline fulminurate.—Scliisclikoff, who added the fulminating mercury 
to a boiling and nearly saturated solution of ehlorido of potassium, gives 
a different view of the process. According to his observations,, the yellow 
precipitate formed during tbo reaction is not mercuric oxide, but is a 
somewhat indefinite product, containing about 2 p. c. carbon, 8*1 nitrogen. 
9 to 9*2 chlorine, and 81*5 to 88*6 mercury, besides hydrogen and oxygon, 
Now, as the fulminuratc of potash is tlio only organic substance contained 
in the solution, it follows that all the carbon and nitrogen of tbo fulminic 
acid not employed in the formation of the fulminaric acid, must ho con¬ 
tained in the yellow precipitate, and in the ratio of 2 At. C to 1 At. N, 
which is not very far from that of the numbers above given. It may he 
supposed then that 2 At. fulminic acid are resolved into 1 At. ful min uric 
and 1 At, cyanic acid: 

2C 4 N 2 Hg-0 1 + 2KCI + 2HO - CWKBPO® + C 2 NK0 2 + 2HgCll + 2lIgO; 

fulminurate of cyanatc o 
potash. potash. 

and that the yellow precipitate is formed by the mutual action of the 
chloride and oxide of mercury and the elements of cyanic acid in presence 
of water. 

The yellow precipitate is amorphous, insolublo in water, and decom¬ 
poses without detonation when heated, water being first given off, then 
carbonate of ammonia, and lastly, at a stronger boat, a sublimate of mer¬ 
curous chloride, and a small quantity of metallic mercury. It docs not 
give off ammonia when heated with potash-ley, or oven change colour 
when boiled with that liquid; but when heated with sulphide of potas¬ 
sium, it readily gives off ammonia. —Oil of vitriol diluted with an equal 
amount of water, does not act upon the yellow precipitate at ordinary 
temperatures; but on the application of heat, a small quantity of car¬ 
bonic acid is driven off, and at the end of the operation, ammonia remains 
in tlie liquid, together with a small quantity of mercurous salt, — strong 
hydrochloric acid dissolves the yellow precipitate, leaving only a small 
residue of calomel; the filtrate, which does not give off ammonia when 
mixed with caustic potash, solidifies on cooling to a pulpy mass of long 
silky needles of the salt NH 4 Cl,2HgCl + 4HO (analysis gave 3*81 p. c. 
N and 59*11 Hg, the formula requiring 4*17 N and 59*70 Hg); eorrosivo 
sublimate crystallises out at the same time. — The yellow precipitate is 
decomposed by sulphuretted hydrogen, sulphide of mercury being sopa- 
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rated and an acid liquid remaining, which on cooling yields crystals of 
sal-ammoniac, contaminated, however, with an organic acid. — The yellow 
precipitate heated with iodide of potassium, turns brown, and gives off 
ammonia, part of the mercury passing into the solution, and the liquid 
containing carbonate of potash. An excess of chloride of potassium acts 
like the iodide, though less strongly; hence, as an excess of the chloride 
is required for tho preparation of fulminuratc of potash (see page 559), 
this excess must affect the constitution of the yellow precipitate. That 
this precipitate is not a body of perfectly definite constitution, is likewise 
shown by its always leaving a certain quantity of chloride of potassium 
when sublimed, even after long-continued washing with boiling water; 
also by its behaviour with hydrochloric acid and sulphuretted hydrogen 
(Schischkoff.) 

Iodide of potassium acts like the chloride. When a solution of 
fulminating mercury in iodide of potassium is heated to tho boiling point, 
it gradually acquires a darker colour, and deposits an abundant brown 
precipitate containing mercuric iodide. The filtrate evaporated over the 
water-bath, gives off ammonia at a certain degree of concentration; and as 
the liquid cools, crystals of mercuric iodide are deposited, together with 
crystals of fulminuratc of potash. The evolution of ammonia appears to 
arise from tho decomposition of the brown precipitate. (Schisclikoff.) 

Fulminating silver treated with excess of chloride or iodide of potas¬ 
sium, docs not yield fulminuric acid; half of the metal separates out 
immediately, whilst tho other half remains in solution, and the liquid, 
even after long boiling, yields nothing but a double fulminate of silver 
and potassium. (Schischkoff.) 


Page 377. 

Acetate of Acryl. C 10 H 8 O 4 = C 4 H 3 (C c H 8 )0 4 .— Acetate of Propylenyl, 
Acetopropylenyl (Zinin); Acetate of Allyl. — Formed by the action of iodo- 
propylene C°H S I (iodide of acryl) on acetate of silver. 

OTPAgO* + Cmn » Agl + CT-1'\CT1 5 )0 4 . 

When puro and well-dried acetate of silver is mixed in a retort with 
rather less than an equivalent quantity of iodopropylene and the mixture 
shaken up, the action begins in a few minutes, attended with sufficient 
evolution of heat to distil off nearly all the resulting acetate of acryl. 
Any undccomposcd iodopropylene that may pass over may be decomposed 
by returning the distillate to the residue in tho retort, and the acetate of 
acryl obtained in the puro state by subsequent distillation between 100° 
and 115°, and rectification, first over acetate of silver, then over oxide of 
lead, and lastly by itself. 

Colourless liquid, lighter than water, neutral, having an odour like 
that of acetate of ethyl, hut rather pungent, and a sharp ethereal taste. 
Boiling point 105°, being about as much above that of acetic ether 
(viii. 497), as the boiling point of iodide of acryl (ix. 427), is above that 
of iodide of ethyl (viii. 360.) Dissolves sparingly in water, but in all 
proportions in alcohol and ether. (N. Zinin, Petcrsb. Acad. Bidl. 13, 360; 
Ann . Pharm. 96, 361.) 
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Zinin. 


10 c. 

. 60 . 

... 60 ... 

. 59*66 . 

... 60*00 

8 11. 

. 8 . 

... 8 ... 

. 8*21 . 

... 8*29 

4 0. 

. 32 , 

... 32 ... 

. 32*13 . 

... 31*71 

C 10 II 8 O 5 . 

. 100 . 

... 100 ... 

. 3 00*00 . 

... 100*00 


Benzoate of A cryl, C u H fl (C°Ii 5 )0 4 , is obtained in a similar maimer by 
the action of benzoate of silver on iodopropyleno. (Zinin.) 

Ilydravgacvyl. C c H 6 Hg 2 .— Bydrcirgopropylenyl (Zinin); By dr argaily L —. 
Iodopropylene combines with mercury much more readily than iodide of 
methyl or ethyl, the mixture quickly solidifying to a yellow crystalline 
mass, from which the iodide of hydragacryl is easily extracted by hot 
alcohol or ether, and separates from the alcoholic solution on cooling, in 
silver-shining scales which tarn yellowish in drying, especially il exposed 
to light. 

Iodide of hydrargacryl volatilises at 100°, in white shining rhombic 
tables, melts at 135°, and solidifies in a yellow crystalline mass on cooling; 
when more quickly and strongly heated, it is for the most part decom¬ 
posed, leaving a carbonaceous residue and yielding a yellow sublimate. 
It is nearly insoluble in water, and dissolves but very sparingly in cold 
^alcohol. (Zinin.) 


6 C. 

. 36 . 

... 978 .... 

Zinin. 
.... 9*59 

5 H . 

. 5 . 

... 1*35 .... 

. 1*38 

2 Hg. 

.. 200 . 

... 54*36 


I. 

. 126 . 

... 34*51 .... 

. 34*49 

C 6 H s Hg 2 I. 

. 367 . 

... 100*00 



When the alcoholic solution of this compound is mixed with nitrate of 
silver, the whole of the iodine is precipitated in the form of iodide of 
silver. Oxide of silver introduced into the alcoholic solution likewise 
forms iodide of silver, the liquid at the same time becoming strongly 
alkaline, and yielding by evaporation a thick, syrupy, strongly alkalino 
mass, which is soluble in water, and volatilises when more strongly 
heated, emitting an odour like that of angelica and of garlic. This sub¬ 
stance forms salts with acids, and is doubtless the hydrated oxide of 
hydrargacryl. (Zinin.) 

Cahours & Hofmann, by treating iodide of acryl with various silver- 
salts, have obtained a number of aery 1-salts or compound others, and in 
particular the oxalate of acryl, a liquid which is decomposed by ammonia 
in a similar maimer to oxalate of ethyl (ix. 180), yielding oxamide and 
C°H 5 1 

Acrylic alcohol C G H c 0 2 , or V O 3 ; and from this a large number of 


derivatives have been formed, viz., acrylic ether, sulpliacrylic acid, 
xantliacrylate of potassium, &c., &c. (Compt. rend. 42, 217.) 

Berthelot &> De Luca have also obtained several compound acrylic 
ethers, e . g. the butyrate, benzoate, &c., by the action of silver-salts on 
the iodide of acryl. They find also that the iodide, when decomposed by 
mercuric oxide, yields acrylic ether C 4 Ii 6 0; treated with potash dissolved 


ruxjg i 

in vinic or amylic alcohol, it yields vinacrylic ether f O 2 , oramyla 


crylic ether, Qiopp j* 0 2 j and with potash and glycerine, it forms iriacryUn . 
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C 24 H 20 0 6 — C' ] | ^Qoj-p^ | 0 G . This last reaction is represented by the 
equation: 

C°H 8 O c + 3C r> H 5 I = C 21 II 20 O 6 + 3 HI. 

Iodide of acryl decomposed by sodium, yields the radical acryl C 6 H 5 , 
which is a very volatile liquid, having a pungent odour like that of 
horse-radish. It boils at 59°. Its density is 0*684 at 14. Vapour- 
density = 2*02 (monatomic). Burns with a very bright flame. (CompL 
rend 42, 233.) J V 

[All these compounds will be more fully described in the next volume.] 


Page 378. 

Mellonides. 

Liebig. Ann. Pharm. 95, 257. 

The formula C°N 4 M, originally assigned by Liebig to the mellonides, 
does not render a satisfactory account of the decomposition of those 
compounds by acids or caustic alkalis. According to this formula, mcl- 
lonidc of potassium, decomposed by potash-ley, should yield cyamelu- 
rato of potash, formiato of potash, ammclidc, and ammonia, (ix. 392.) 

3C n N 4 K + 11 HO hh KO = C 12 N 7 1IK 3 0 6 + C 2 HI<0 4 + C 4 N 3 HW + 2NII 3 

cyamelurate formiate At. 

of potash. of potash, ammelide. 

Now, when mollonido of potassium is boiled with potash-ley, ammonia is 
evolved; crystals of cyamelurate of potash are obtained at a certain 
degree of concentration; and if the alkaline liquid be then mixed with 
sal-ammoniac, a copious precipitate of ammelide (ix. 476) is obtained. 
But if the mixture he kept boiling for some time, sal-ammoniac no longer 
produces any precipitate in it; if, however, the liquid, after addition of 
sal-ammoniac, bo neutralized with acetic acid, a white precipitate of 
molamironic acid (ix. 470,) is obtained. On continuing the boiling, 
ammonia is continually evolved, the melanurenic acid disappears, and 
after saturating the alkaline liquid with acetic acid, crystals of cyanurate 
of potash are obtained, which by solution in dilute hydrochloric acid 
yield crystals of pure hydrate of cyanuric acid. No formiate of potash is 
obtained. Neither does the alkaline liquid yield any formic acid, when 
neutralised with sulphuric instead of acetic acid, and subjected to dis¬ 
tillation. This discrepancy between the results of theory and experi¬ 
ment, and a similar difficulty in explaining the decomposition of mello- 
nidos by acids, induced Liebig to subject these compounds to a careful 
ro-examination, the result of which has been to show that the original 
formula assigned to them was erroneous, and that they really contain 
6 At. carbon and 4^ At. nitrogen to 1 At. metal, or ISC and 13N to 
3 At. metal, that is to say, that tlieir general formula is C 18 N 13 M 3 . 

Ifydromdlonic acid. C 18 N 13 H 3 .—By mixing a warm solution of cor¬ 
rosive sublimate with mcllonidc of potassium, a fine grained, dazzling 
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white precipitate of mollonido of mercury its obtained, which, after washing, 
dissolves in dilute hydrocyanic acid, oven in the cold. Sulphuretted hydro¬ 
gen passed through this solution throws down all the mercury in the 
form of sulphide; and after driving olT tho hydrocyanic acid by a gentle 
heat, there remains an aqueous solution of hydromollonie and, winch 
has a strong acid taste and reaction, mixes with alcohol without lurbity, 
expels carbonic acid from carbonates with oflbrvosceneo, and yields,. when 
neutralized with potash, crystallised mollonido of potassium exhibiting 
all the properties of tho original salt. 

When a solution of hydromollonie acid is evaporated, in vacuo or in 
the air, either at ordinary or at higher temperatures, it deposits white 
films or flakes, and leaves a somewhat crystalline residue which redis¬ 
solves but partially in cold water : the acid is not, however, completely 
decomposed under these circumstances, the portion soluble in water still 
yielding a certain quantity of mollonido of potassium when saturated with 
potash and mixed with alcohol. When a solution of mollonido of mercury 
in hydrocyanic acid is evaporated without removing tho mercury, there 
remains a white insoluble, residue, containing mercury chemically com¬ 
bined. The cyanide of mercury which forms, appears thoroforo to bo 
decomposed again during the evaporation. — When oxalic acid is added 
to a solution of mellonitlo of calcium in hot water, as long as a precipi¬ 
tate ensues, and the filtrate evaporated by heat, an acid lime-salt of 
liydromellonic acid crystallises from tho solution; ovon an oxcess of 
oxalic acid does not completely prccipitato tho lime. 

Mellonide of Potassium. — a. Neutral. -—-Preparation. 1. With Bn iter 
of Antimony .—7 pts. of sulphocyanidc of potassium are fused in a wide and 
deep porcelain crucible, till the whole runs quietly and without frothing, 
and 3 pts. of recently prepared butter of antimony then added by small 
portions. Strong intumescence then takes place, accompanied by brisk 
evolution of sulphide of carbon, which breaks out in flames, and must 
be extinguished by covering the crucible with a shallow dish; and a red- 
brown, porous mass is obtained, which must bo pulverised and heated 
with constant stirring in an iron crucible, till part of tho resulting sul¬ 
phide of antimony melts in tho softened pulpy mass, and collects at tho 
bottom. The mass is then immediately dissolved in boiling water; tho 
filtrate boilod with hydrated oxide of lead as long as tho oxide turns 
black, to remove sulphide of potassium and dissolved sulphide of anti¬ 
mony; and the liquid again filtered and left to cool, whereupon it gene¬ 
rally solidifies to a crystalline magma of snow-white mollonido of potas¬ 
sium. This product is thrown on a filter, tho liquid allowed to drain 
off, and tho mass, without being washed, wrapped up with the filter 
in unsized paper, and placed ovor night between two bricks, which are 
gradually loaded with weights. The mass, when dry, is again dissolved 
in hot water, and the same process repeated. At the third crystallisa¬ 
tion, the hot filtered liquid is mixed with a small quantity of alcohol, 
till a faint transient turbidity makes its appearance. The crystalline 
magma which settles down, is washed with alcohol after tho mother- 
liquor has drained off, till a drop of the liquid which runs off no longer 
reddens sesquichloride of iron, and therefore no longer contains sulpho- 
cyanide of potassium. — 2. The chloride of antimony used in this pro¬ 
cess may, with equal advantage, he replaced by chloride of bismuth. 
This compound is prepared by passing chlorine gas over commercial 
bismuth heated in a tube of hard glass, bent ball’ an inch upwards at 
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one end, then again downwards, and lying horizontally in a combustion- 
furnace; tho chloride of bismuth, which distils over, is purified from the 
chlorides of other metals by rectification in the same apparatus. Before 
being used, it is again melted, pulverised while still hot after solidifica¬ 
tion, and the powder added to the fused sulpliocyanide. The propor¬ 
tions used are 1 pt. of bismuth-chloride to 2 pts. sulpliocyanide of potas¬ 
sium; with a larger proportion of tho former, the mass will not melt.— 
2. From Melam . •—8 pts. of sulpliocyanide of potassium are fused with 
4 pts. of melam, previously slightly ignited, and added in successive 
small portions. The temperature must not be allowed to rise too high; 
if the gas-bubbles which rise from tho melted mass, do not burn with a 
blue flame (sulphide of carbon), but with a red colour, indicating the 
formation of cyanogen, the heat must be moderated. The melam is 
prepared by heating in a porcelain basiu, a mixture of equal parts of 
sal-ammoniac and sulphocyanide of potassium, stirring constantly till no 
more vapours of sulphocarbonate of ammonia are evolved, and sal- 
ammoniac begins to sublime. The mass is then exhausted with cold 
water, tho residue dried, and gently ignited before being used. — 4. In 
preparing mollonide of potassium by fusing sulphur with yellow prussiate 
of potash, tho addition of carbonate of potash towards the end of the 
fusion is positively injurious; for the slightest excess of that salt induces 
the decomposition of the mollonide of potassium previously formed. 

Pure mollonide of potassium forms soft, white, very slender inter¬ 
laced needles, having a silky lustre, and scarcely distinguishable in 
appearance from sulphate of quinine. — 1 pt. of the salt dissolves in 
37'4 pts. of water at ordinary temperatures, and in a much smaller 
quantity of hot water; it is insoluble in alcohol. Crystallises with diffi¬ 
culty, even from a solution saturated while warm, but very easily on 
addition of alcohol. Its solubility in cold water is greatly diminished 
by the presence of other salts. A warm saturated solution, which would 
stand for days after cooling without crystallising, instantly deposits 
crystals on addition of a few drops of solution of sulphocyanide of potas¬ 
sium. — The aqueous solution tastes as bitter as sulphate of quinine. In 
doses of a dram, the salt exhibits no decided action on man or other 
animals, none at least which would distinguish it from other bitter sub¬ 
stances. — Tho crystals heated to 200°, give off 18*06 p. c. (10 At.) water. 
— This result differs considerably from the former determination (viii. 392). Liebig 
expresses himself unable to account for the difference. 


18 C. 

13 N. 

3 K . 

Anhydrous . 

. 108*0 . 

. 182*0 , 

. 117-C . 

... 26*50 .... 

... 44*65 .... 

... 28*85 .... 

Liebig. 

. 26*12 

..... 44*38 
. 28*72 

C 1H N 13 K 3 . 

. 407-6 . 

... 100*00 .... 

. 99*22 


Crystallised . 


Liebig. 

C 18 N l3 K 3 , 

.. 407*6 . 

... 81*91 


10 HO. 

. 90*0 . 

... 18*09 .... 

. 18*06 


C 18 N 13 K 3 +10 Aq. 497*6 ....100*00 

The salt burnt in a stream of oxygon yielded only 0*06 p. e. water; now if it 
contained 1 At. hydrogen to 3 At. potassium, it should have yielded 2*19 p. c. water; 
it may therefore be safely concluded that the salt does not contain hydrogen. 

b . Insoluble acid Salt — Separates in the form of a white, chalky 
precipitate 4 , on pouring a moderately dilute solution of neutral mellonide 
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of potassium into warm dilute hydrochloric acid. Insoluble in cold and 
sparingly soluble in boiling water; the solution has a strong acid reaction; 
easily soluble in a solution of acetate of potash. 


is c. 

. 108-0 . 

... 32-61 .... 

Liebig. 

.... 31*97 

13 N . 

. 182*0 . 

... 54*95 


2 II . 

2*0 . 

... 0-00 .... 

.... 0*70 

K. 

. 39*2 . 

... 11-81 .... 

.... 11*93 

C 18 N 13 H 2 K. 

. 331*2 . 

... 100*00 



When hydrochloric acid is poured into a solution of mellonide of potassium, a trans¬ 
lucent gelatinous precipitate is obtained, of very doubtful composition. 

c. Soluble acid Salt. — Obtained by mixing a warm saturated solu¬ 
tion of the neutral salt with an equal value of strong acetic acid. Crys¬ 
tallises from this mixture in oblique rhombic laminin, which effloresce in 
a warm atmosphere. When boiled with water, it is resolved into the 
neutral salt a, and the insoluble acid salt 5. The crystals, after drying 
in the air, give off 13*03 p. c. water. 


Dried at 150°. 


Liebig. 

18 C.. 

.. 108*0 .. 

.. 29*23 .... 

.... 28*75 

13 N . 

.. 182*0 .. 

.. 49*28 


II . 

1*0 . 

.. 0*27 .... 

.... 0*43 

2 K. 

.. 78*4 .. 

.. 21*22 .... 

... 21*13 

OTSTOIK 2 . 

,. 309*4 . 

... 100*00 


Air-dried. 


Liebig. 

C 18 N 13 HK? . 

... 369*4 . 

... 87*27 


GHO . 

... 54*0 . 

... 12*73 .... 

. 13*03 

C 18 N B HK 2 + 6Aq. 

... 423*4 . 

... 100*00 



Mellonide of Silver. — Obtained as a white precipitate by mixing a 
boiling solution of neutral mellonide of potassium with nitrate of silver. 


Liebig (mean). 


18 C. 

. 108 

... 17*59 . 

. 17*48 

13 N . 

. 182 

... 29*G4 . 

. 29*54 

3 Ag. 

. 324 .. 

... 52-77 . 

. 52*48 

C 18 N 13 Ag 3 . 

. 614 . 

... 100*00 . 

. 99*50 


The salt burnt in a stream of oxygen yielded in two experiments 0*4 and 0*3 p. e» 
water, whereas if, as supposed by Gerlmrdt, it contained 1 At. II to 12 At. C, the 
quantity of water should be 2*17 p. c., or about six times as great as that actually 
found. Hence we may safely conclude that mellonide of silver docs not contain 
hydrogen. 


a. Comparing the composition of hydromellonic acid with that of the 
bodies from which, by fusion with sulphocyanido of potassium, mollonido 
of potassium may he produced, we obtain the following relations; 


Melam, C 12 N n H 9 .contains the elements of., 

Melamine, C 12 N 12 H 12 ... 

Ammelide, C 12 N 9 H 9 O e . 

Ammeline, C 6 N 5 H s 0 2 ...,. 

Chlorocyanamide, C°N 5 H 4 CJ . 

Melanurenic acid, CWH^O 1 . 

Hydrosulphomellonic acid, C G N 4 H 4 S 4 


3NIP + C 12 N 8 
4 NIP 4 C 12 N 8 
GHO 4 NIP + C 12 N 8 
2HQ + NIP + C°N‘ 
C1II 4 NIP + C°N 4 
4110 4 C° N 4 
4BII + 0° N 4 
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Viewing tho mellono-compounds in connection with hydromellonic 
aci(I ; C 18 N 13 I~I 3 , which contains the elements of ammonia and tricyanamide, 
NII 3 -f G 1R N 12 or NIP 4- 3Cy 3 N', tho formation of these compounds by 
the usual processes is satisfactorily explained. The formation of mel- 
lonide of potassium by fusing the yellow forrocyanido with sulphur is 
less obvious. It must; however, be assumed as certain that the radical 
mellono is formed by the decomposition of sulphocyauide of iron, a 
process which may perhaps be represented by the following equation: 

10C 2 NS 3 Fe + 3C-NS 2 K = C 18 N 13 K 3 + 8CS 2 + lOFeS. 

/?. The now formula of mellonide of potassium affords a satisfactory 
explanation of tho decomposition of that salt by potash into cyamelurate 
of potash, ammelidc and ammonia. Henneberg gave for cyameluric 
acid tho two formula) C 12 N 7 H 3 0 G and C 12 N 7 IT 4 0 6 , leaving it undecided 
which should bo preferred. According to the latter, the acid should 
contain 1 At. H not replaceable by a metal, and the formula of the 
potash-salt should ho C 12 N 7 PIK 3 0 G ; whereas, according to the former, 
this salt should not contain hydrogen. Liebig found in cyamelurate of 
potash prepared by Henneberg’s process (ix. 382), 21*01 p. c. C and 
0 Of) II, whereas the formula C 12 N 7 HK 3 0 G requires 0*29, or about three 
times as much as that which is obtained by experiment. Consequently, 
cyamelurate of potash contains no hydrogen, and its formula is C w N 7 K 3 0 G . 
Tho decomposition of mellonide of potassium by potash is represented 
by tho equation: 

2C 1R N 13 K 3 + 18 HO = 2C 12 N'K 3 0~ + C l2 N 9 H°0 3 + 3NH 3 . 

Ammelide. 

<y. By abstraction of ammonia and addition of water, ammelide is 
converted into molanurenic acid. (Laurent & Gerhardt regard the two as 
identical, but without having analysed the latter.) 

C l WI-PO° + 2HO = 2C 6 N i I-I 4 0 4 + NH 3 . 


Pago 395. 


Propylene. -— When a mixture of an alkaline acetate and oxalate is 
distilled in such a manner as to place the resulting acetone, when in the 
nascent state, in contact with carbonic oxide, the acetone is deoxidised, 
with formation of a carbonate and evolution of propylene: 


C c H°0 2 + 2CO = 2C0 2 + C 8 Hl 

The quantity of propylene obtained is, however, by no means equal to 
that which is indicated by calculation^ for the decomposition of the 
two salts is not simultaneous, and the oily matter observed in the pre¬ 
paration of acetone is always produced. — The mode of conducting the 
process is as follows: 1 At. acetate of lime is added to 1 At. oxalate ot 
potash dissolved in water, so as to form oxalate of lime and acetate ot 
potash: the liquid evaporated and constantly stirred, so as to obtain an 
intimate mixture; and the mass, when dried as completely as possible, 
put into a retort which is heated over a moderate fire. The gas passes 
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first into a flask filled with carded cotton, then into another containing 
oil of vitriol to absorb the oily mattor, and is finally condensed in 
bromine, after being washed with wator. A kilogramme of acetate of 
lime thus treated yields about GO gnus, of crude propylene. — The 
liquid thus obtained is washed with potash and distilled; then shaken 
up again with an alkaline solution, to saturate the liydrobromic acid 
formed during the distillation; sifter which it is dried over chloride of 
calcium and rectified. Bromide of propylene, C°II°Br 3 , forms about two- 
thirds of the product; it has tlio odour and the boiling point (145°) of 
the bromide of propyleno obtained from amylic alcohol (ix. 3,97). 

The compound C 6 H 5 Br, obtained by the action of silcoholic potash 
on the preceding product, heated in a tube with sulpliocyanide of 
potassium, yields oil of mustard (comp, page 42). (L. Dusart, Compt. 
rend. 41, 495.) 

Propylene is also found among the products of the dry distillation of 
butyracctate of baryta (p. 555). When tbe gas evolved in that process 
was passed into a mixture of hydrochloric acid and peroxide of manga¬ 
nese, and that mixture afterwards distilled, a distillate was obtained 
consisting of chlorinated substitution-products of propylal and propiono, 
mixed with chloride of propjdcne. The excess of chlorine was removed 
by washing with water, tho liquid then dried over chloride of calcium 
and rectified. The whole of tho chloride of propylene passed over 
below 120°, and was obtained sufficiently pure for analysis when tho 
boiling point was between 104° and 110°, and the vapour no longer 
excited tears, a property possessed in a high degree by chlorinated 
propylal or propione. The chloride of propylene thus purified gave by 
analysis 61*86 p. c. chlorine, the formula C°H 6 C1 2 requiring 62-51 p. c. — 
500 grms. of butyracetate of baryta yielded 1 grm. of chlorido of 
propylene. (Limpricht So v. Uslar, Ann. Pharm. 94, 329.) 


Page 398. 

Formation of Propylic Alcohol from Propylene. — Oil of vitriol rapidly 
absorbs propylene-gas; and on subsequently diluting tho acid with 
water, filtering, and distilling, propylic alcohol is obtained in tho form of 
a spirituous liquid, having a peculiar pungent odour, soluble in wator, 
but precipitated from the solution by carbonato of potasb. In a state 
of concentration, but still mixed with a certain quantity of water, it has 
a density of 0*817, and begins to boil at 81° or 82°, [tho pure alcohol 
boils at 96°; see ix. 399]. It mixes in all proportions with water, and 
forms with crystallised chloride of calcium, either a homogeneous solution 
or two distinct strata, according to the proportion of the salt. Burns 
with a brighter flame than common alcohol. Heated with oil of vitriol 
and sand, it blackens, decomposes rapidly, and yields propylene-gas, 
mixed with about of another combustible gas, probably hydride of 
propyl, C 6 H 8 . — Distilled with oil of vitriol and butyric acid, it yields 
butyrate of propyl, C 8 H 7 (0 6 H 7 )0 4 , which is a neutral liquid, lighter than 
water, Volatile below 130°, and having an odour like tliat of butyric 
ether, but not so agreeable; it is decomposed at 100° by potash, yielding 
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butyrate of potasli and propylie alcohol. — Distilled witli oil of vitriol 
and acetic acid, it yields acotato of propyl, C 4 H 3 (C'‘H 7 )0 4 , which vola- 
tiliscs below 90°. 

A mixture of propylie alcohol and oil of vitriol, gently heated, 
and then saturated with carbonate of baryta, yields sulphopropylate of 
baryta, C G H 7 BaQ 2 ,2S0 3 + 6 Aq. This salt parts with its water of crystal¬ 
lisation in vacuo. With benzoate of potash it yields benzoate of propyl 
By immediately saturating with carbonate of baryta the solution of propy¬ 
lene in sulphuric acid, two salts were obtained, viz., C°H 7 Ba0V2S0 3 + GAcp 
identical with that just mentioned, and C 6 H 7 Ba0 2 ,2SG 3 + 2 Aq., corres¬ 
ponding with the sulphovinato. These two hydrates exhibit the samo 
degree of stability and behave in the same manner with various salts, 
both producing the acetate, butyrate, and benzoate of propyl. The 
compound formed with propylene and fuming oil of vitriol, does not repro¬ 
duce those ethers. 

Propylene is likewise absorbed by hydrochloric acid. When left to 
stand at ordinary temperatures over the fuming acid, it is slowly taken 
up, and disappears after some weeks, the absorption taking place even 
in a sealed tube. At 100° it is complete in 30 hours. The product is 
a neutral liquid, lighter than water, and insoluble in that liquid. After 
being purified with potash and distilled, it consists for the most part of 
chloride of propyl, C G H 7 C1, which volatilises at about 40°, and has tho 
odour, taste, and flame of chloride of ethyl (Bertholot, JV. Ann . Chim, 
Phys. 43, 385; GomyL. rend . 40, 102.) 


Page 400, 


j Propylal, C°H 6 Ol — Obtained by the dry distillation of butyracetate 
of baryta. Boils at about 66°. Has a peculiar ethereal odour. Mixes 
with water, alcohol, and ether. The ethereal solution saturated with 
ammonia, does not yield any crystals of propylal-ammonia. Neither is 
that compound produced by passing ammoniacal gas over propylal 
surrounded with snow, or by leaving the propylal in contact with 
aqueous ammonia. Propylal dissolves with evolution of heat in concen¬ 
trated aqueous solutions of tho alkaline bisulphites, but the solution, 
even after long standing, deposits only a few crystalline geodes exhibiting 
tho character of wavellito. 





Limpricht & v. Uslar. 

0 c. 

. 3G . 

... 62-0 ... 

. 63*29 

.... 63*00 

a tt . 

, 0 . 

... 10 *3 ... 

. 11*11 

.... 10*98 

2 O... 

. 16 . 

... 27-7 ... 

. 25-60 

.... 26*02 

cwo 1 . 

. 58 . 

... 100-0 ... 

. 100*00 

.... 100*00 


The excess of carbon found in the analysis was probably due to the presence of 
nromone. — Propylal is isomeric with propylie aldide (ix. 400), and is related to that 
tody In the same manner as butyral to butylic aldide, and valeral to va eric aldide. 
(Limprinht & v. Uslar, Ann. Phann. 94, 326.)—The shorter names propylal, butyral, 
&c., are applied by the authors to those modifications of the compounds which do 
not combine with ammonia, 
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Pago 409. 

Propume . O 10 H 10 O 2 . — Tho distillate of buiyracciato of baryta 
(l>. 555), boiling at 05° to 120°, was shaken up with a concentrated 
solution of bisulphite of potash or soda; tho resulting crystals separated 
from tho mother-liquor; and dried between paper frequently renewed. 
()u distilling tlioso crystals with a solution of carbonate of potash, the 
propiono passed over, together with water, from which it was mechani¬ 
cally separated and then dehydiated. Tho product thus obtained smelt 
like acetone, and boiled at 110°. The boiling point found by Morley (ix. 410°), 
was 10° lower, viz., 100°, which agrees better with the position of propiono in the series 
of ketones, being exactly intermediate between that of acetone (50°) and that of 
butyrone (144°). 

Limprieht & v. Uslar. 


10 c. 

. 00 . 

... 09-77 ... 

..... 09-31 . 

... G8-94 

10 11 . 

. 10 . 

... 11-03 ... 

. 11*72 . 

... 11-65 

2 O. 

. 1G . 

.. 18-60 ... 

. 18-97 . 

... 19'41 

C 10 H 10 O 2 . 

. 8G . 

... 100-00 ... 

. 100-00 . 

... 100-00 


Sulphite of Propione and Potassium, — This salt, obtained as above, 
formed, after drying over oil of vitriol, small scales having a pearly 
lustre. 


10 C . CO 

12 H. 12 

K . 39 

5 0 . 40 

2 SO- . 04 


C 10 H9KO s ,2SO* + 3Aq...„ 215 


Limprieht & v. Uslar, 


.... 27*90 . 20-37 

.... 5*00 5-40 

.... 18*14 18-43 

.... 18-00 

... 29-70 30-50 


.... 100-00 


Sulphite of Propione and Sodium. C 10 H 9 NaO 2 ,2SO 3 + 3Aq.— Cor¬ 
responds exactly with the potassium-compound. Gave by analysis, 
12-01 Na and 32-97 SO 2 , the formula requiring 11*5 Na and 32*1 SO 3 . 
(Limprieht & y. Uslar.) 

Sulphite of Propione and Ammonium is so very solublo that it could 
not bo obtained in crystals. (Limprieht & v. Uslar, Ann . Pharm . 
94, 327.) 


Pages 402 and 414. 

Propionic and Butyracetic Acids, 

A. Strecker. Ann. Pharm. 92, 80. 

Limpriciit & TON Uslar. Ann. Pharm. 94, 321; J. pr. (Jhem. 66 , 234. 

Strecker suggests that the propionic acid obtained in tho fermentation 
of sugar in contact with chalk and old cheese (ix. 403) may ho produced 
by the oxidising action of the air on the butyric acid previously formed 
from the lactic acid, which is the first product of tho fermentation,— 
inasmuch as.Kolbe’s experiments have shown that tho fatty acids (e.g., 
valerianic acid) are, under certain circumstances, converted by oxidation 
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into others of the same series, Lut of lower atomic weight.—Or again 
the mannite, another product of the fermentation, may he resolved into 
propionic acid, acetic acid, carbonic acid, and hydrogen: 

C 12 H w O M - C R H°O l + CWO 1 + 2C0 2 + 4II. 

Mannite. 

Limpricht & v. Uslar found that propionic acid prepared by boiling 
cyanide of ethyl with alcoholic potash, boiled constantly at 142°, dis¬ 
solved in water in all proportions, and was separated from the solution 
by chloride of calcium. 

To obtain butyracctic acid, Limpricht & v. Uslar dissolved buty- 
racetate of limo (prepared by Nollncr) in hot water; decomposed the 
filtered solution with carbonate of soda; and distilled the dried soda-salt 
with oil of vitriol diluted with one-fourth of its bulk of water. The acid 
which distilled over had a faint odour very much like that of propionic 
acid, and possessing but little of the butyric acid odour. Like propionic 
acid, it mixed with water in all proportions, but not with a concentrated 
solution of chloride of calcium, by which indeed it was separated out 
unaltered, and not resolved into acetic and butyric acid. 

Butyracctic acid dehydrated as completely as possible begins to boil 
at about 120°, and the boiling point gradually rises to above 160°, without 
becoming stationary near 140°, as is the case with propionic acid. By 
repeated fractional distillation, and separation of the portions which 
boiled between 120° and 124°, and between 158° and 1G1°, the acid was 
completely separated (with the exception of a trifling residue) into acetic 
acid boiling between 120° and 124°, and butyric acid boiling between 
158° and 101°; no propionic acid was found. The acetic acid thus 
obtained yielded a silver-salt containing 64T p. c. Ag (calculation 64*6), 
and tho butyric acid a silvor-salt containing 55*6 p. c. Ag (calculation 
55*4. (Limpricht & v. Uslar.) 

C 6 H 5 0 3 1 

Anhydrous Pro 2 nonic acid. C 12 H 10 O 6 = Qspj 6 Q 2 r O 3 ,was obtained by 

tho action of 1 At. oxycliloride of phosphorus on 6 At. dry propionate of 
soda. It is a colourless liquid, having a disagreeable odour, slightly 
recalling that of valerian-root. Boils at 165°. Does not mix with 
water. 

Limpricht & v. Uslar. 

12 C... 72 .... 55*38 55*01 

10 H. 10 .... 7*G9 8*00 

6 0 . 48 .... 36*93 30*99 

C 12 lI w O a . 130 .... 100*00 100*00 

Neither anhydrous butyracctic acid nor the corresponding chloride appears to exist. 
6 At. butyraeetato of soda distilled with 1 At. oxychloride of phosphorus yielded a 
mixture of anhydrous acetic and butyric acids; and 3 At. of the same soda-salt with 
1 At. PCPO 2 yielded a mixture of chloride of othyl and chloride of butyril. (Limpricht 
& v. Uslar.) 

The following salts of propionic acid w T cre prepared by Strecker with 
the acid obtained as above by the fermentation of sugar; theyagreein 
all respects with those prepared with tho acid obtained from cyanide 
of ethyl. 

Propionate of Potash. — The acid obtained by fermentation of sugar 
in contact with chalk and cheese, was exactly neutralised with carbonate 











554 


ADDITIONS TO VOL. IX. 


of potash, and the solution evaporated. The residue, when absolute 
alcohol was poured upon it, crystallised in colourless laminae; the alco¬ 
holic solution yielded, on addition of ether, nacreous scales, unctuous to the 
touch. The salt, when heated, melts without decomposing, and on 
cooling solidifies in a laminar crystalline mass, like acetate of soda. 
Deliquesces in the air, and crystallises again according to the degree of 
humidity present. (Streckcr.) 

Strode or. 

ICO. 47*2 .... 42*1 41*9 

C 6 H 5 0 3 . <35*0 .... 57*9 

CTDKQ 1 . 112*2 .... 100*0 

The potash-salt of butyraceUc acid docs not crystallise; it dissolves 

readily in absolute alcohol, and is not separated from fcho solution by 
ether. (Limpriclit & v. Uslar.) 

Propionate of Soda. — Crystallises with difficulty, so that it may bo 
separated from acetate of soda, by the property which the latter possesses 
of separating in crystals from a concentrated solution, while the pro¬ 
pionate remains in the mother-liquor. By neutralising propionic acid 
with carbonate of soda and evaporating, the salt is obtained on cooling, in 
a mass having the consistence of tallow. The air-driod salt gives off 
16*6 p. c. (2 At.) water at 120°. (Streaker.) 

Dried at 120°. Streaker. 


NaO . 

C°H s 0 3 . 

31 . 
65 . 

... 32-3 .. 
... 677 

. 32*7 

CTDNaO 4 . 

96 . 

... 100-0 


Air-dried. 
C 6 H 5 Na0 4 . 

90 . 

.. 81*2 

Streckcr. 

2 HO. 

18 . 

... 15*8 ... 

. 16*6 

C 6 H 5 NaO'‘ + 2A.q .. 

114 „ 

... 100*0 



Butyracetate of Soda does not crystallise from water or alcohol, hut 
separates in needles from the alcoholic solution on addition of ether. 
(Limpriclit & v. Uslar.) 

Propionate of Baryta. — When propionic acid is neutralised with 
carbonate of baryta and the solution evaporated to the crystallising point, 
the baryta-salt separates in colourless prisms belonging to the right 
prismatic # system, probably isomorphous with acotato of baryta. The 
crystals givo off their water, amounting to 6*1 p. c. (1 At.), at 100°. The 
salt dissolves in 1*3 pts. of water at 16°, and the solution, when evapo¬ 
rated over the water-batli, solidifies in fcho crystalline form. The salt is 
nearly insoluble in absolute alcohol, but dissolves pretty easily in boiling 
pirit of 85 p. c., whence it separates out unaltered on cooling. 


Dried at 100°. 


Streckcr. 

BaO . 

. 76*5 .... 

54*1 ... 

. 54*2 

C 6 H 5 0 3 . 

. 65*0 .... 

45*9 


C c H 5 Ba0 4 .. 

. 141*5 .... 

100*0 


Air-dried. 


Strecker. 

C c H 5 Ba0 4 . 

. 141*5 

.... 94 


HO . 

. 9*0 

6 

. . fj.j 

CTDBaO 4 * 4<i. 

. 150*5 

.... 100 
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Butyracelate of Baryta exhibits tlic same characters as tlio propionate. 
When subjected to dry distillation it melts, swells up slightly, gives off 
gaseous products, among which is propylene C r, H°, and yields a brownish 
distillate, having an ethereal odour, and consisting chiefly of propytal 
boiling at GO 0 , and propione at 110°. The lead-salt yields the samo 
products. (Limpricht & v. Uslar.) 

.Propionate of Lime. — Separates by evaporation in crystalline lamina) 
having a fatty lustre. Appears to effloresce on exposure to the air. 
Sparingly solublo in alcohol. 


Dried at 100°. 

CaO . 

C®H*0 3 . 

28 ... 
65 ... 

„ 30*1 .... 
„ 69*9 

Strecker. 

. 29‘5 

C 6 H B Ca0 4 . 

93 .. 

.. 100*0 


Air-dried. 

C fl H 5 Ca0 4 . 

93 

.... 91*2 

Strecker. 

HO . 

9 

.... 8*8 

. 8-4 

CWCaO> + Aq . 

102 

.... 100*0 



Propionate of Magnesia was not obtained in crystals, but remained, 
when the solution was left to evaporate in an open vessel, in the form of 
a transparent, fissured mass. (Strockor.) 

Propionate of Zinc crystallises readily when a solution of zinc-oxido 
in the aqueous acid is evaporated, in colourless lamina), which give off 
part of their acid at 100°. (Strecker,) 

Propionate of Lead. — a. Basic . — A concentrated solution of the 
neutral salt, mixed with ammonia, yields an amorphous precipitate which 
dissolves on boiling, and crystallises in slender needles on cooling. A 
crystalline basic lead.salt is likewise obtained by boiling propionic acid 
with oxcess of lead-oxide; on evaporating the solution by heat, the salt 
crystallises out readily, but if the solution be evaporated in vacuo, the 
salt crystallises less quickly in slender needles. After drying over oil of 
vitriol, it does not diminish in weight at 120°. (Strecker.) 

Dried over oil of vitriol. Strecker. 

2 PbO. 224 .... 77*5 . 77*9 

Coil*0®. 05 . .. 22*5 

l > b0,C fi H 8 Pb0 4 . 289 .... 100*0 

b. Neutral. — Docs not crystallise under any circumstances, but dries 
up in the air to a transparent, strongly refracting mass. (Strecker, com* 
pare ix. 406.) 

Propionate of Copper crystallises in small dark green prisms containing 
1 At. water. 

Propionate of Silver. — Obtained by adding nitrate of silver to the 
aqueous acid neutralised with ammonia. The precipitate is white at first, 
but blackens considerably when boiled with water, and as the liquid cools 
the salt crystallises in small colourless needles. Does not alter much in 
colour by exposure to light, but blackens when heated to 50° or 60°, and 
still more at 3 00°. At a higher temperature, it fuses readily, and leaves 
coherent metallic silver. (Strecker.) 
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Dried in vacuo. 


Streeker. 

ArO. 

. 106 

.... 40-3 


enpo 8 . 

.. 65 

.... 59'7 . 

, 59*7 

C i; ll 5 Ag() 1 . 

. 181 

.... 100*0 


Propionic Ether. — Obtained by distilling propionate of soda with 

alcohol and sulphuric acid. 

Lighter th 

an water. IIs 

;ih a. decided odour 

of rum, and not bo strong as 

that of acetic or butyri< 

ether. Boils at 

101°. (Limpricht 8c v. Uslar.) 






Limpricht mid v. uslar. 

10 c . 

. 60 ... 

. 58*82 . 

59*20 

10 II. 

. 10 ... 

. 9*80 . 

10*41 

4 0. 

. 32 .. 

. 31*38 . 

30*39 

. 

. 102 ... 

. 100*00 .. 

100*00 


Butyracetic ether was not obtained by distilling tlio soda-salt, either 
with alcohol and sulphuric acid, or with sulphovinato of potash. Both 
methods yielded an ethereal liquid of very pleasant odour which, 
however, after washing with water and drying over chloride of calcium, 
was completely separated by distillation into butyric and acetic ether. 
In like manner, butyracctato of soda distilled with sulphuric acid and 
wood-spirit, yielded nothing but a mixture of butyrate and acctato of 
methyl. (Limpricht & v. Uslar.) 

The observations above cited are sufficient to show that butyracetic 
and propionic acids are distinct bodies, hut it is not yet clearly mado out 
whether the former is a definite compound or merely a mixture of acetic 
and butyric acid. The former view is supported by the formation of 
salts of butyracetic acid and by the production of propylal and propiono 
by the distillation of the baryta-salt; the latter by the facility with 
which the acid, both hydrated and anhydrous, and the other, aro resolved 
into the corresponding acetic and butyric compounds. (Limpricht & 
v. Uslar.) 


Pago 461. 

Fulmiimric Acid. C°N 3 I-PO a . 

Liebig. Ann. Tharm. 05, 282. 

Sciiiscitkoff. Petersb. Acad. Bull. Clam Phy&. Math. 14, 08; Ann. 
Pharm. 97, 53; Cfiern. Gaz. 1855, 241. 

Isocyanuric acid. (Schischkoff.) — Appears to have been discovered independently, 
and about the same time, by Liebig and by Schischkoff. 

Formation . By the action of alkaline chlorides or iodides at a boiling 
heat on fulminating mercury (p. 542). According to Liebig's view or. 
the reaction, 3 At. fulminurie acid, (regarded as containing 40,) aro* 
converted into 2 At. fulminurie acid : 

3C 4 N 2 H 2 O l = 2CW]PO r> ; 

According to Schischkoff, on the other hand, 2 At. fulminurie acid aro 
resolved into 1 At. fulminurie and 1 At. cyanic acid : 

2C 4 N 2 H 2 0 4 - CWIPO G + C 2 NUO*. 
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For the preparation of tlie potasli-salfc see page 559. The free acid 
is obtained by decomposing the lead or silver salt, (prepared from the 
potash-salt by double decomposition,) with sulphuretted hydrogen, or 
the silver-salt with hydrochloric acid. 

Properties. The aqueous solution of the acid left to evaporate in a 
warm place* solidifies in a compact, yellowish, indistinctly crystalline 
mass. (Liebig. SchischkofF.) From a saturated alcoholic solution, the 
acid separates in small colourless prisms. (SchischkofF.) — Liebig did not 
obtain crystals from the alcoholic solution.— The crystals arc anhydrous, and 
permanent in the air. (SchischkofF.) The solution has an acid reaction 
and an agreeable taste (SchischkofF); a very sour taste. (Liebig.) 



Dried at 100°. 


Liebig. 

SchischkofF. 

6 C . 

. 3G .. 

.. 27*90 .... 

. 27*82 

.... 28*16 

3 N . 

. 42 . 

.. 32*55 


32*66 

3 H. 

. 3 .. 

... 2-32 .... 

. 2*G8 

.... 2-44 

GO. 

. 48 . 

.. 37-23 


30-74 

CWIPO' 5 . 

. 129 ... 

.. 100*00 


100*00 


Isomeric with cyanuric acid (ix. 419). 

Decompositions, 1. The acid and its salts explode when licatod, the 
decomposition of the acid taking place at 150° (SchischkofF); the acid 
detonates slightly when heated (Liebig).—2. The aqueous solution of 
the acid is decomposed by boiling with mineral acids, a salt of ammonia 
being formed, carbonic acid evolved, and a brown substance produced, 
which has not been further examined. (Liebig.) Oil of vitriol decom¬ 
poses the salts of fulminurie acid, without blackening, forming snlphato 
of ammonia, and eliminating a mixture of carbonic acid and carbonic 
oxide. Weak hydrochloric acid has scarcely any action on the fulmi- 
nurates; but the strong acid decomposes them, with formation of ammonia 
and evolution of carbonic acid. On saturating the excess of hydrochloric 
acid with an alkali, and adding a lime or brtryta salt, a white precipitate 
is formed; but if the action of the hydrochloric acid has been long con¬ 
tinued, and the liquid has been afterwards evaporated to dryness, no such 
precipitation takes place. — 0. Nitrous acid passed through a solution of 
fulminurie acid, decomposes it, with evolution of gas (carbonic acid), and 
forms an acid which does not precipitate lime-salts, but yields with 
nitrate of silver an insoluble salt containing nitrogen. — 4. Caustic pot¬ 
ash boated with fulminurie acid or its salts, gives off a largo quantity of 
ammonia and forms carhonato of potash; and the solution, when 
neutralised by an acid, forms no precipitate with chloride of calcium or 
nitrate of silver. —5. Caustic baryta heated with fulminurie acid or its 
salts, decomposes them, with evolution of ammonia and formation of a 
white procipitato containing carbonate of baryta. This precipitate 
dissolves in hydrochoric or nitric acid; and after the excess of acid has 
been neutralised by ammonia, a precipitate is formed, probably identical 
with that which is produced on adding a baryta-salt to fulminurie acid 
which has been decomposed by hydrochloric acid. (SchischkofF.) — 
Hydrosulphatc of ammonium and hydrosulphate of potassium have no action on fulmi- 
nuric acid, even at a boiling heat. (SchischkofF.) 

Combinations . Fulminurie acid dissolves very readily in water. The 
solution in a small quantity of water forms a syrup, and may be heated 
and evaporated without decomposition. (Liebig.) 
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Tlio acid is monobasic, tlie formula of its salts being C®N 8 H a M0 6 . It 
decomposes carbonates with effervescence. 

Fidmimirale of Ammonia. — Well washed fulminating mercury 
60—75 grammes), is mixed in a glass flask with 700 to 800 cubic centi¬ 
metres of water; 60 cub. cont. of a cold-saturated solution of sal-ammo¬ 
niac then added; and the whole heated to the boiling point. In a few 
minutes, a yellow crystalline powder begins to separate, the same in fact 
that is produced from white precipitate, by boiling with water or^with 
alkalis. As soon as the deposition of this precipitate has ceased, the 
vessel is removed from the sand-bath, and caustic ammonia added as 
long as a white precipitate is formed, after which the liquid is imme¬ 
diately filtered and L evaporgtcd to the crystallising point. The yellow 
crystals thus obtained arc washed with water and afterwards with 
alcohol, then dissolved in hot water, and the solution decolorised by well- 
washed blood-charcoal or bone-charcoal. The filtrate on cooling yields 
dazzling white crystals of great beauty. (Liebig.) 

The crystals belong to tho clinorhombic or monoclinohcdral system 
[oblique prismatic] (O. It. Rood, Ann. JPhavm. 95, 291; A. Gadolin, 
Chem. Gaz. 1855, 457.) They possess great refractive and dispersive 
power, and exhibit double refraction. (Liebig, Rood.) Tho mean 
refraction of one of the rays is, as nearly as could bo estimated, = 1*755. 
Dispersive power = 0*1006 nearly. For a perpendicularly incident ray, 
the angle of refraction of the extraordinary ray = 4° 22% whilo in 
ealespar it is 6° 12'. The acuto angles of tho crystals exhibit prismatic 
colours, in consequence of their high dispersivo power, They also 
exhibit a splendid scarlet colour, arising from the superposition of tho 
coloured images of the ordinary and extraordinary rays, tho violet of 
the first falling on the red of tho second: tho beauty of the red is 
moreover heightened by the neutralisation of tho yellow. (Rood.) — The 
crystals arc anhydrous : when heated they fuse, blacken, and give olf 
hydrocyanic acid ammonia, and afterwards hydrated cyanic acid, which, 
combining with the ammonia, forms in the upper part of tho tube, a 
solid crystalline mass of urea. (Liebig.) The salt sustains a heat of 
150° without alteration, but above that tomporaturo it explodes like 
the other fulminurates. (Schischkoff.) Dissolves sparingly in cold, 
readily in hot water; is insoluble in alcohol and other, (Liebig.) 


c c. 

4 N . 

6 H . 

6 O . 

. 30 
. 50 

G 

. 48 

.... 24*06 
.... 38*35 
.... 4-10 

.... 32*89 

Liebig. 

. 2-1*09 

. 37-58 

. 4*29 

. 33*44 

SdiiHchk 
.... 24*57 
.... 37*80 

4*05 
.... 23*58 

C°iN 3 U 5 (NII-‘)0°. 

146 

.... 100*00 

. 100*00 

.... 100*00 

* 




Liebig, 

NH 3 . 


17 .... 

11*64 . 

11*91 

C 6 N 3 H 3 0 6 . 


149 

88-36 


NI-I 3 ,C 0 N 3 H 3 O 5 ... 


. 166 .... 

100-00 



Fuhninurate of Potash. — Prepared like the ammonia-salt. (Liebig.) 
— 2 pts. of moist fulminating mercury are added, by small portions and 
with constant stirring, to a nearly saturated and gently boiling solution of 
1 pt. chloride of potassium, the ebullition being continued till no more 
fulminating mercury remains at the bottom. Tbo liquid, which has a 
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yellow colour, arising from tlio formation of a precipitate (p. 542), is 
then filtered hot, in order that the principal product, a compound of 
fulmimirato of potash with mercuric oxide, which is a curdy substance, 
sparingly soluble in cold water, may not be deposited during the filtra¬ 
tion; and tho yellow precipitate on the filter washed with hot water. 
The filtrate, on cooling, deposits the curdy compound of mercuric oxide 
and fulminurato of potasli, a further quantity of which may be obtained 
by concentrating and cooling the mother-liquor and tho wash-water. The 
portions which soparato out in the second and third coolings, aro conta¬ 
minated with tho yellow precipitate, but may be purified by solution in 
boiling water. Ultimately a mother-liquor is obtained, containing an 
excess of chloride of potassium and a considerable quantity of mercuric 
chloride. To obtain the fulminurato of polash from the curdy com¬ 
pound, water is poured upon tho latter, and sulphuretted hydrogen 
passed through the liquid, whereupon sulphide of mercury separates, 
together with crystals of the potash-salt; and to obtain the latter, the 
entire liquid is heated, filtered hot, and left to crystallise. On cooling, 
it deposits shining colourless crystals of the potash-salt, a further 
quantity of which may ho obtained by repeatedly evaporating and cooling 
tho mother-liquor. In this manner 150 pts. of fulminating mercury 
yield 20 pts. of fulminurato of potash. (Schischkoff.) [Liebig makes no 
mention of the cuuly compound of meveurie oxide and fulminurato of potash. The 
reason of ychischlioff’s having obtained it, is probably that he used a saturated solu¬ 
tion of chloride of potassium, whereas IAethg used n dilute solution. Liebig’s method 
is evidently the easier of the two.] 

fulminurato of potash forms long prisms, having a strong lustre and 
great refracting power. (Liebig.) A hot saturated solution rapidly 
cooled, solidifies from formation of a mass of very small silky needles; 
but by gentlo evaporation, the salt is obtained in large and very regular 
crystals isomorphous with the ammonia-salt. (Schishkoff.) The crystals 
are doubly refracting, and for perpendicular incidence, the angle of 
refraction of tho extraordinary ray is between 5° and 6°. (Rood.) They 
aro anhydrous. (Liebig.) The salt when heated exhibits a faint glow, 
and gives off a small quantity of gas, like a mixture of an organic 
substance with nitre. It undergoes no change at 225°, but at a higher 
temperature melts, gives off a large quantity of hydrocyanic acid, and 
afterwards becomes black, and explodes with a red flame. When slowly 
decomposed in a covered crucible by a heat gradually raised to redness, 
it yields pure white cyanato of potash mixed with cyanide of potassium. 
(Schischkoff.) llcatod with chloride of potassium in a combustion tube, 
it gives off' hydrocyanic acid, thou carbonate of ammonia, and a gaseous 
mixture containing 2 vol. carbonic acid to 1 vol. nitrogen, like the gas 
evolved by tho decomposition of dry fulminate and cyanate of silver 
mixed with sulphate of potash. The residue consists of cyanide of 
potassium mixed with chloride. (Liebig.). Tho salt is less soluble in 
cold water than tho ammonia-salt (Liebig, Schischkoff), but dissolves in 
hot water as easily as the latter. (Liebig.) Dissolves in 10 pts. of cold 
and a much smaller quantity of boiling water; insoluble in alcohol and 
ether. (Schischkoff.) 

Crystals, Liebig. 

KO . 47’2 .... 28*23 . 27'78 

C°NTO . 120*0 .... 71-77 


C°N 3 H 2 KO f,f 


307*2 .... 100-00 
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Fulminurate of Potash with Mercuric oxide. — The curdy compound 
above-mentioned. May be obtained directly by heating a solution of 
fulminurate of potash with mercuric oxide (especially the yellow 
oxide) and filtering the hot solution. — The mercury in this compound 
is not separated by boiling with copper; neither does caustic potash 
or iodide of potassium act upon it as upon other mercuric compounds. 
(Schischkoff.) 

Fulminurate of Soda. — More soluble in water than the potash-salt. 
Crystallises from the aqueous solution by slow ‘evaporation in long 
prisms. (Schisckkoff.) 

Fulminurate. of Lithia* —Soluble in water and alcohol. (Liebig.) 

Fulminurate of Baryta. —When a warm-saturated solution of fill mi- 
nurate of ammonia or potash is mixed with chloride of barium, fulmi- 
nnrate of baryta separates after a few minutes in the form of a crystalline 
pulp, consisting of short, thin, white needles, which dissolve completely 
in a very large quantity of hot water, and separate on cooling in hard 
isolated crystals. These crystals are colourless and transparent, and 
often take the form of rhombic prisms terminated by a macrodiagonal 
donia. (Liebig.) Refracts doubly, but in a much less degree than the 
potash and ammonia-salts, the angle of refraction of the extraordinary 
ray for perpendicular incidence being only 1° O'. (Rood.) Between 150° 
and 180° the crystals give off 8*52 p.~c. (2 At.) water, and become 
opaque; at a higher temperature the salt decomposes like the potash- 
salt. (Liebig.) 

O ystate. Liebisr. 

(•’/I ^ ,_ _ __- 


GC. 36*0 .... 16*79 . 16*36“ 

3 N . 42*0 .... 19*58 19*42 

2 H . 2*0 .... 1*86 2*17 

-BaO. 76*6 .... 31*93 32*08 

3 0. 40*0 .... 21*45 21*45 

2 H O . 18*0 ... 8*39 8*52 


C 6 N 3 H 2 Ba0 6 + 2Aq. 214*6 .... 100*00 . 100*00 


The salt burnt with oxide of copper, yields a gaseous mixture containing 3 vol. N, 
5 toI. CO-; if to tills we add the carbonic acid retained by the baryta, we obtain the 
ratio 6 : 3, as in cyanogen. (Liebig.) 


The Fulminurates of Lime and Magnesia are soluble in water and 
alcohol. (Liebig.) 


Fulminurate of Lead . — Neutral lead-salts are not precipitated by the alkaline 
fulminurates, (Liebig, Schischkoff.) - Basic salt — Basic acetate of lead forms 
with the alkaline fulminurates a white crystalline precipitate, which dis¬ 
solves in boiling water, and separates in hard yellowish crystals on 
cooling. When decomposed by sulphuretted hydrogen, it yields the acid. 
(Liebig.) 


2DbO_ . 224 .... 65*11 

C r, N 3 H 2 0 5 . 120 .... 34*89 


Pb0,C 6 N 3 E-Pb0 6 . 344 ... 100*00 


Liebig. 

64*0 


Farom Fulminurate. — Separates in beautiful pale green crystals on 
beating a fulminurate with ferrous acetate. (Schischkoff.) 
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Ammonio-cupric Fulminurate. C 6 N 3 H 2 (NH 3 Cu)0 8 -f NH 3 .—When 
fulminuric acid is mixed with a solution of a copper-salt in excess of 
ammonia, and the liquid heated to boiling, it deposits this double salt on 
cooling, in beautiful, shining, dark blue prisms, which undergo no change 
in the air at ordinary temperatures, or even at 150°, but are decomposed 
with explosion at higher temperatures. Nearly insoluble in water, and 
very sparingly in ammonia, so that very small quantities of fulminuric 
acid maybe separated in this form. The salt gave by analysis 16*23 
p. c. copper (calculation gives 16*32.) (SchischkofF.) 

Fulminurate of Mercury. — The acid is not precipitated by mercurous 
or mercuric salts. Mercuric oxide heated in a solution of the acid dis¬ 
solves in it, and the liquid on cooling deposits a mass resembling the 
curdy compound of mercuric oxide with fulminurate of potash. 
(SchischkofF.) 

Fulminurate of Silver. — A hot solution of fulminurate of ammonia 
or potash mixes with nitrate of silver without turbidity; but as the liquid 
cools, fulminurate of silver separates from it in long, very thin needles 
having a silky lustre. (Liebig, SchischkofF.) The crystals retain their 
lustre at 100°, and do not diminish, in weight. (Liebig.) The salt is not 
blackened by light, and does not undergo any change at 150°, but at a 
higher temperature, it explodes without noise, and gives off hydrocyanic 
acid. (SchischkofF.) Decomposed by heat in the same manner as cyanate 
of silver. (Liebig.) Dissolves very sparingly in cold, but pretty easily hi 
boiling water, and may be recrystallised without alteration. (Liebig, 
SchischkofF.) 

Liebig. SchischkofF. 


6C. 36 . 15-25 .... 15 17 ... 15*09 


3N. . 

.. 42 

17*79 ... . 

17*68 

... 17*93 

2 H . .. 

2 

0-84 . . - 

. 0 89 . 

.. 0*98 

Ag. 

. 108 

45-76 . 

.. 45-15 . 

.. 45*43 

CO . 

. 48 

... 20-36 . 

. 21-11 . 

... 20-57 

C B N 3 H 3 Ag0 6 .... 

... 236 . 

... 100*00 .. . 

... 100*00 . 

... 100-00 


Fulminuric acid dissolves in boiling alcohol (Liebig); in alcohol and 

in ether. (SchischkofF.) . .. * 

Tt combines with urea and with aniline , forming crystalline compounds. 

(SchischkofF.) 

Fulminuric Ether. — When fulminurate of potash is immersed in 
alcohol, and hydrochloric acid gas passed through the liquid, chloride ol 
potassium is formed, together with fulminuric ether; as soon as the 
reaction is complete, the stream of gas must be discontinued, because an 
excess of hydrochloric acid decomposes the ether, with formation of a 
crystalline body. After the excess of alcohol and the chloride of ethyl 
formed at the same time have been distilled off, and a sufficient quantity 
of water has been added to the solution of chloride of potassium, the tul- 
minuric ether separates in the form of an aromatic liquid; the portion 
which remains dissolved may be separated by agitating the 
with common ether. — Fulminuric ether is decomposed by alcoholic 
potash, even at ordinary temperatures, with formation of fulminurate of 
potash; it cannot be distilled without decomposition. Its alcoholic solu¬ 
tion mixed with aniline, deposits, after a few days, colourless silky 
prismatic crystals, wilck ait aad t.„ bto.n at 100*, -d ^rh.p. 
consist of the anilide of fulminuric acrd. (Schisehkofl.) ^ q 
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Page 501. 

Nitroglycerine or Glono'ine, — The following is given by De Vrij as 
the most advantageous process for preparing this compound: 100 grins, 
of glycerine, of sp. gr. V262, dried at 150°, are poured gradually into 
200 cub. cent, of monohvdrated nitric acid, cooled to -10°, care being 
taken that the mixture never becomes heated above 0°. As soon as the 
two bodies have united into a homogeneous liquid, 20p cub. cent, of strong 
sulphuric acid are added in small quantities. If the temperature be kept 
constantly below 0°, there is no danger of the mass going off in vapour; 
but this effect readily takes place above 0°. The nitroglycerine separates 
in the form of an oily stratum on the surface of the acids, from which it 
may be separated by a tap-funnel. — The quantity thus obtained weighed 
200 grins., and the separated acids yielded 20 grnis. more on being mixed 
with water. The whole, amounting to 220 grms., was dissolved in the 
smallest possible quantity of ether, and the solution repeatedly agitated 
with fresh water till it no longer reddened litmus paper; it was then 
evaporated over the water-bath, and the product dried till its weight 
became constant. It then weighed 184 grms. 

From this result, the formula of nitroglycerine appears to be 
C*H 8 (N0 4 ) 2 0 6 : for CTO (glycerine) = 92, and C*H 6 (N0 4 ) 2 0 6 = 182. 

[This result differs materially from Kailton’s (ix. 501)]. 

Nitroglycerine is a pale yellow oily liquid, of sp. gr. 1*595 to 1*600 
at 15°. Decomposes at 160°, and detonates with violence at higher 
temperatures; also when struck with a hammer on an anvil, Sulphu¬ 
retted hydrogen decomposes it, with copious deposition of sulphur. 
(J. E. de Yrij, N. J. Pham. 28,88; Chen. Gat, 1855, 383.) 
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Page 68. 

Butyl . — According to recent experiments by Wurtz, (V. Ann. Ghim . 
Phys. 44, 275; Ann. Pka?mi. 96, 364,) it appears that sodium may be 
used in the preparation of butyl with greater advantage than potassium, 
because it acts less violently on iodide of butyl, and does not form so 
large a quantity of gaseous secondary products. 100 pts, of iodide of 
butyl and 13 or 14 pts. of sodium are introduced into a flask provided 
with an upright condensing tube kept cool by ice-water. The action 
begins at ordinary temperatures, and with evolution of heat, the sodium 
swelling up and gradually becoming covered with a blue crust. As the 
action slackens, it must be accelerated by external heat, and the liquid 
kept boiling till the blue colour of the sodium has disappeared, and the 
flask contains a white mass of iodide of sodium saturated with butyl. 
The butyl is then distilled from the flask, and the distillate rectified over 
sodium till the metal completely retains its lustre in the boiling liquid, 
and is no longer attacked. The portion which in the last rectification 
distils over between 105° and 108°, is pure butyl. 

Butyl has a density of 0*7057 at 0°. It boils at 106°. Vapour- 
density 4*070 (comp. p. 68.)—None of the butyl-compounds can be 
directly prepared from it. Chlorine and bromine act upon it, but form 
substitution-products. With perchloride of antimony, it yields hydro¬ 
chloric acid and chlorinated products not yet examined. Pentachloride 
of phosphorus is decomposed by it only after long boiling, with forma¬ 
tion of terchloride of phosphorus, chlorinated butyl, and hydrochloric 
acid. — When the vapours of iodine and butyl are passed together over 
spongy platinum, heated in a tube to 300°, a large quantity of hydriodic 
acid is formed, together with a small quantity of an iodised organic 
substance, probably a substitution-product. — Hydrochloric acid has no 
action upon butyl, either at ordinary temperatures or at a temperature 
near that of boiling oil. (Wurtz.) 

C 4 H 5 1 

Ethylobutyl . C 12 H U = q 8 £[9 f Obtained by decomposing 40 pts. of 

iodide of butyl and 34 pts. of iodide of ethyl with 11 pts. of sodium, 
as in the preparation of butyl. The action begins spontaneously, but 
requires external heat to keep it up; and the boiling must be con¬ 
tinued till the sodium is converted into a white mass. On subsequently 
distilling the contents of the flask in the oil-batli, tbe thermometer 
remains stationary for some time between 60° and 70°. The portion 
which passes over at below 100°, must be collected apart, (between 100° 
and 110° a considerable quantity of butyl distils over,) heated with 
sodium in a sealed glass tube, and redistilled as soon as the fused sodium 
immersed in it retains its metallic lustre. The thermometer then 
remains nearly constant between 60° and 65°; and by a second rectifica¬ 
tion of the portion which distils over between these temperatures, the 
ethylobutyl is obtained in the pure state. 


2 o 2 
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ADDITIONS TO VOL. X. 


Transparent* very mobile liquid, of sp. gr. 0*7011 at 0°. Boils at 
62 . Vapour-density = 3‘053. 


86 .... 100*00 


C-vapour 
H-gas .... 


Vap. of C 12 H 14 . 


Vol. 

Density. 

12 .. 

.. 4-9920 

14 . 

.. 0*9702 

2 .. 

.. 5*9622 

1 .. 

... 2-9811 


v ’lx \J U jL1/ 

Ethyl-amyl , Qiojqn and Butyl-amyl , qiojju are prepared by exactly 


C 8 H 9 

similar processes; Butyl-cayroyl\ q 12 p . J 13 by the electrolysis of a mixture 

* C 2 H 3 

of valerate and cenanthylate of potash; and Methyl-caproyl, (ppp 

by the electrolysis of a mixture of acetate and cenanthylate of potash. 

The mode of formation of these compound radicals, and a comparison 
of their properties with those of the simple radicals, affords an additional 
argument in favour of the theory which supposes the simple radicals, in 
the free state, to form diatomic vapours, regarding methyl in the free 
C 2 H 3 c 4 H 5 

state as Q 2 pp ethyl as &e. (vii. 173). In fact, on comparing 

the physical properties of the simple and compound radicals, as exhi¬ 
bited in the following table, it is plainly seen that they are members of 
the same series, and that, to establish a regular connection between the 
properties of these bodies and their formulae, it is absolutely necessary 
to double the formulae of the simple radicals, (Wurtz.) 


Sp. gr. Vapour-density, Boiling 
at 0°. Observed. I Calculated. Point. 













ALLOXANIC ACID. 
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Page 87. 

ScAwemfurt Green with Butyric acid .—When butyric acid is saturated 
with recently precipitated carbonate of copper, and the solution mixed 
with a solution of arsenious acid saturated at a boiling heat, a yellowish 
green amorphous precipitate is formed, which after a while becomes 
crystalline, and exhibits the fine green colour belonging to ordinary 
Schweinfurt green (viii. 330), which it also resembles in its other pro¬ 
perties. (Wohler, Ann . Fharm. 94, 44.) 

Springmann. 


3 CuO. 

120 . 

... 30*2 .... 

. 30*5 

2 AsO 3 . 

198 .. 

... 49-9 .. 

.... 50*1 

C 8 H 7 0 3 . 

79 . 

... 19*9 ... 

. 19*4 

2 (CoOjAsO 3 ) + C 8 H ? CuO 

397 

... 100*0 ... 

. 100*0 


This salt differs therefore in stoichiometrical composition from the true Schweinfurt 
green, the latter containing 3 At. arsenite of copper to 1 At. acetate. 


Page 160. 

Alloxanic acid . — To obtain alloxantin from the mother-liquor which 
remains in the preparation of alloxan by the action of nitric acid upon 
uric acid, Schlieper recommends (p. 173) that the excess of acid be 
neutralised with chalk before passing sulphuretted hydrogen through the 
liquid, in order to prevent oxidising action. With due care not to add 
too much chalk, this process succeeds well enough; but if the nitric acid 
be completely neutralised with chalk, bicarbonate of lime is formed at 
the same time, and rapidly converts the alloxan into alloxanic acid. 

This process may be advantageously applied to the preparation of 
alloxanic acid. If the dilute acid mother-liquor be mixed with excess 
of chalk, acid alloxanate of lime immediately separates, partly on the 
surface of the liquid, partly as a precipitate, in well defined crystals or 
crystalline crusts, which may be easily freed from admixed chalk by' 
elutriation. It is best to add a considerable excess of chalk and to stir 
frequently; the salt then forms and separates out very quickly. The 
heavy crystals remaining after the elutriation may be purified by dis¬ 
solving them in water, not quite at a boiling heat, and filtering while still 
hot; the alloxanate of lime is then deposited in white crusts as the liquid 
cools. — Extremely beautiful crystals are often found in the scum which 
forms when the mother-liquor of alloxan is saturated with chalk. These 
crystals are perfectly transparent, glassy, oblique six-sided prisms, but 
generally having two of their faces so little developed, that they appear 
like acute rhombohedrons. In dry air, they very soon give off a portion 
of their water of crystallisation, and become milk white. 


Milk-white crystals dried over oil of vitriol 


Stadeler. 

CaO ... 

... 28 .... 

12*50 .. 

..... 12*59 

8 C. 

. 48 .... 

21*43 .. 

. 21*12 

2 N . 

. 28 .... 

12*50 .. 

. 12*72 

8 H . 

... 8 .... 

3*57 .. 

. 3*63 

14 0 . 

. 112 .... 

50*00 .. 

. 49*94 


C 8 N‘ 2 H 3 CaO l0 +5Aq. 224 .... 100*00 . 100*00 
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Or: 

St&deler. 

CaO . 28 ... 12*50 . 12*59 

C 8 N 3 H 3 0 9 . 151 .. 67-41 

5 HO . 45 20*09 . 19*70 

C 8 N 2 H 3 Ca0 10 4- 5 Aq. 224 .... 100*00 

This is the composition which Schlieper assigns to the transparent, 
air-dried salt; hut according* to Stadeler, the transparent crystals contain 
1 At. water more, their composition being C 8 N 2 H 3 CaO 10 + 6Aq. When 
dried over oil of vitriol, they give off 3*86 p. c. water; calculation for 
1 At. requiring 4*25 p. c.—When acid alloxanate of lime crystallises from 
a solution saturated while warm, the crystals are not perfectly transparent, 
and contain between 5 and 6 At. water; when dried over oil of vitriol, 
they give off 2 to 3 p. c. water. 

From the lime-salt, the free acid may be readily obtained as follows: 
The concentrated solution supersaturated with ammonia is precipitated 
by carbonate of ammonia; the liquid heated and filtered (in the cold the 
precipitation is imperfect); the filtered solution of the ammonia-salt left 
for a while over oil of vitriol to remove the free ammonia, and then 
precipitated with acetate of lead; the lead-salt, which is free from 
ammonia, suspended while yet moist, in alcohol, and decomposed by 
sulphuretted hydrogen; and the alcoholic solution of alloxanic acid 
evaporated at a gentle heat. The acid then remains in the form of a 
colourless viscid mass, which has a very sour taste, and gradually solidifies 
in the crystalline form. Schlieper {Ann. Pkarm. 55, 259) is of opinion 
that the amorphous state is brought about by the application of too much 
heat during the evaporation; but the observation just quoted shows that 
the acid at first assumes the amorphous state when the alcoholic solution 
is evaporated over oil of vitriol at ordinary temperatures. (G. Stadeler, 
Ann . Pkarnn. 97, 120.) 







REPORT 

OF 

THE NINTH ANNIVERSARY MEETING 


OF THE 

CAVENDISH SOCIETY. 


The Anniversary Meeting of the Cavendish Society for the year 
1856, was held at the rooms of the Chemical Society, No, 5, 
Cavendish Square, on Saturday, the 1st of March, at three o’clock 
in the afternoon. 

The Chair was taken by Tiiomas Graham, Esq., F.R.S., 
President, who called upon the Secretary to read 

THE REPORT OF THE COUNCIL. 

“ In this Report the Council have but a brief statement to make 
with reference to their proceedings for the last twelve months. The 
first of the hooks for 1855 was ready for distribution when the 
Council came into office last March; a third book for 1854, which 
was then in progress, has since been completed ; and both of these 
works have been supplied to Members. 

“As a second book for 1855, it is proposed to give a volume of 
Bisciiof’s c Elements of Chemical and Physical Geology,’ vrhich is 
being prepared for that purpose, and is expected to he ready for 
distribution in about a month. The translation of this, the second 
volume of the work, is made by Dr. Paul. 

“ The first of the hooks for the present year, 1856, will be the 
tenth volume of Gmelin’s 4 Iland-book of Chemistry, 5 the pre¬ 
paration of which is in a forward state, so that it will probably be 
in the hands of Members about Midsummer. 

“ The Council are gratified in being enabled to refer to the con¬ 
tinued prosperity of the Society as indicated by the financial state¬ 
ment which accompanies this report. It will be seen that there 



has been no falling off in the income of the Society; on the contrary, 
the amount received since the last Anniversary Meeting exceeds 
the income of any previous year. The support of the Society has, 
indeed, for several years past, been characterized by great uniformity, 
accompanied by a gradual, although slight, improvement. These 
circumstances cannot he considered as otherwise than highly satis¬ 
factory, especially as the political events of the last year or two 
have been calculated rather to depress than to encourage or promote 
the desire of the public for scientific literature. That there has 
been no sensible defalcation in the income of the Society, is, 
no doubt, mainly to be ascribed to the high appreciation which 
has been formed of the works which have, from year to year, 
been produced. Of this the continued demand for the first six 
volumes of Gmelin’s ‘ Hand-book of Chemistry,’ and the frequent 
applications which are made for Lehmann’s ‘ Physiological 
Chemistry,’ afford abundant evidence. Sixty-three sets of the 
Inorganic part of the ‘Hand-book of Chemistry’ have been supplied 
to Subscribers during the last twelve months. 

“ The selection of suitable works to be undertaken when those 
now in hand have been completed, is a part of the duty of the 
Council, which frequently occupies their deliberate attention. 
Several new works have been suggested, and some of these are still 
under consideration, hut the arrangements for future publication 
are yet incomplete. The Council trust they may he enabled to 
keep up such a succession of valuable works as will maintain the 
character which the Society has hitherto acquired in this respect. 



Treasurer's Statement of the Receipts and Expend tube of the Cavendi ,h Society. 
from the 1st of March, 1855, to the 26th of Februa ry, 1856. 
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We have examined the above tatement, and find it correct, 

February 27th, 1856, THOS, PELHAM DA* hJ A, 

DAN. HANBURY. 
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It was resolved, 

“That the Report just read be received, approved, and adopted.” 

The Meeting then proceeded to the election of Officers for the 
ensuing year, and the following Gentlemen were declared to have 
been duly elected:— 


Thomas Geaham, E.R,S. 




Peoeessoe Beande, E.R.S. 

Eabl op Bubling-ton, E.R.S, 

Sie James Claee, M.D., E.R.S* 
Waltee Cexjm, E,R.S. 

John Davy, M.D., E.R.S. 
ChxelesG.B.Daubeny, M.D., E.R.S, 
Michael Eaeaday, D.C.L., E.R.S. 


John Geaiiam, Esq. 

Heney Beatjmont Lees on, M.D., 
E.R.S. 

W. A. Milleb, M.B., E.R.S. 
Peoeessoe Wheatstone, E.R.S. 
Colonel Philip Yobke, E.R.S'. 


Crntmff. 


Alexander Bain, Esq. , 

G. B. Buceton, E.C.S. 

Dugald Campbell, E.C«S. 

Philip James Chabot, M.A., E.C.S. 
Heney Deane, Esq* 

Wae&en De la Rue, Pli.D., E.R.S. 
W. Eeeouson, E.C.S. 

A. B, Gaeeod, M.D. 


John Hall Gladstone, P1i.D.,E*R,S. 
A. W. H OEM ANN, Pll.D., E.R.S. 
Heney Letheby, M.B. 

R. POEEETT, E.R.S. 

Aleeed Smee, E.R.S. 

John Stenhouse, LL.D., E.R.S. 

R. D. Thomson, M.D., E.R.S. 

A. W. Williamson, Ph.D., E.R.S. 


CErcagurcr. 

GEobge Dixon Longstaee, M.D., 9, UppeT Thames Street. 


ThEophilUs Redwood, Ph. D., 19, Montague Street, Russell Square, 
and 17, Bloomsbury Square. 


Collator. 

Me. Thomas West, 32, Soho Square. 



It was resolved. 


“ That Du. Lionel Beale, Du. 0DLiNO,andMu. Tuenha.nl 
Helices, be appointed Auditors for the ensuing year.” 

The following Resolutions were unanimously adopted:— 

“That the thanks of the Meeting be given to the Pee- 
silent, Tueastjeeu, and Council, for their services to the 
Society.” 

u That the thanks of the Meeting be given to the Honobaby 
Local Seceetabies for their services to the Society.” 

u That the thanks of the Meeting be given to the Chemical 
Society for the use of their rooms on the present occasion.” 

The Meeting was then adjourned. 

THEOPHILUS REDWOOD, Seceetaey, 

19, Montague Street, Russell Square, 
and 17, Bloomsbury Square. 


Mabch 1st, 1856. 
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1854 

15.—THE LIFE, AND SCIENTIFIC RESEARCHES OF DALTON. 


By Dr. WTO. Hex ry, F.R*S. ,g 

16-~PHYSI0L0GICAL CHEMISTRY?'' By Processor Lehmann. 
Vol. III. 


17.—LAURENT’S CHEMICAL METHOD. Translated by Wh. Odlino, 
M.B. 


1855. 


18. —HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. IX. 

(Orgauic Chemistry, Yol. III.) 

19. —ELEMENTS OF CHEMICAL AND PHYSICAL GEOLOGY. By 

Processor Bischop, Yol. II. 


1856. 

20. —HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. X. 

(Organic Chemistry, Yol. IY.) 

21. —A second book for this year will be issued. 


CHEMICAL REPORTS AND MEMOIRS. Edited by Propessor 
Graham, This work is out of print. 

GMELXN’S HAND-BOOK OF CHEMISTRY. Translated and 
Edited by Henry Watts, B.A., F.C.S. 

Members of the Cavendish Society, or others through a Member 
of-the Society, mny obtain one or more copies of thJJ&pirst Six 
volumes of this work, comprising the whole of the Inorganic 
Chemistry, for a Subscription of two guineas. 

Members may also have for one year’s subscription the Seventh 
and Eighth Volumes oe Gmelin’s Hand-book, which are the 
first two volumes of the part treating of Organic Chemistry. 

The Ninth volume of the Hand-book is the first of the books for 
1855. 

LEHMANN’S PHYSIOLOGICAL CHEMISTRY. Translated and 
Edited by Dr. G. E. Day, F.R.S. 

The First Volume of this work is out of print. There still remain a 
sufficient number of copies of the Second and Third Volumes, and of 
Dr. Otto Funke’s Atlas of Physiological Plates, for supplying those 
members who have not completed their sets. 

BISCHOFS ELEMENTS OF CHEMICAL AND PHYSICAL 

GEOLOGY. 

The First Volume of this work having been issued for the year 1853, 
in conjunction with the Eighth Volume of Gmelin’s Chemistry, members 
who do not possess, and do not desire to subscribe for, the previous 
volumes of Gmelin, may have the Life and Works of Cavendish instead 
of the Hand-Book of Chemistry, as the second book for that year. Or 
the First and Second Volumes of Bischof s Geology may be had for one 
year’s subscription. 


Applications for the books of the Society, or for information 
relating to them, are to be made, if by letter, to the Secretary, or 
personally to Mr. Charles Wood, No. 17, Bloomsbury Square. 



^onorarp Local Secretaries. 


Aberdeen—Dr. R. Rattray. ;; 

Banbury— Thomas Beesley, Esq. 

Bath —J. P. Tylee, Esq. 

Bathgate—3 ames Young, Esq, 
Beccles—W. E. Crowfoot, Esq. 
Bedford —W. Blower, Esq. 

Belfast—D r. J. F. Hodges. 
Birmingham—George Shaw, Esq. 
Bodmin—D. F. Tyerman, Esq. 
Bolton—H. H. Watson, Esq. 
Bradford—Robert Parkinson, Ph. D. 
Brighton —F. Bnsse, Esq. 

Bristol— Wm. Herapath, Esq. 

Cambridge —W. H. Miller, Esq., 
M.A., F.R.S. 

Carlisle—Dr. H. Lonsdale. 

Chester— R. D. Grindley, Esq. 

Clifton —G. F. Schacht, Esq. 

Cork —Thomas Jennings, Esq, 

Coven fry—Francis Wyley, Esq. 
Derby— Dr. A. J. Bernays. 

Dublin— Dr. J. Apjohn. 

Dudley— E. Hollier, Esq. V 
Dumfries —W. A. F. Browne/Esq. 
Durham— William Clark, Esq. 
Edinburgh— Dr. Geo. Wilson, F.R.S.E. 
Exeter— George Cooper, Esq. 
Parnham —W. Newnham, Esq. 
Galway —Dr. Edmond Ronalds. 
Glasgow— Walter Crum, Esq., F.R.S. 
, Gloucester —Thomas Hicks, Esq. 
Gosport —Dr. W. Lindsay, R.N. 
Guernsey —Dr. E. Hoskins, F.R.S. 
Halifax—John W. Garlick, M.D, 
Helstone—G. W. Moyle, Esq. 


Hmham—John Nicholson, Esq. 

Horsham —F. Snelling, Esq. 

Hill— Thomas J. Smith, Esq. 

Leamington —S. A. Sandall, Esq. 

Lbeds —W. S. Ward, Esq. 

Leicester—J. II. Stallarcl, Esq. 

T . , (Dr. J. Dickinson. 

Liverpool —1 

^ t J. B. Edwards, Ph. D 
Llandilo— B. Morgan, Esq. 

[John Graham, Esq. 
Manchester—l Alfred Binyon, Jun,, 

I Esq. 

Heath— Walter Hibbert, Esq. 

Newcastle-on - Tyne—Don] amin G il- 
pin, Esq. 

Newport {Monmouthshire)— Ebcne* 
zer Rogers, Esq. 

Norwich —Edward Arnold, Esq. 
Nottingham— Joseph White, Esq. 
Oxford—R evil Story Maskelync, Esq. 
Plymouth—J. Prideaux, Esq. 
Portsmouth —W. J. Hay, Esq. 

St. Andrew's— Dr. G. E. Day, F.R.S. 

St. Helen's (Lane.)—James Shank 3 , 
Esq. 

Sheffield —J. W. Slater, Esq. 
Southampton— W. B. Randall, Esq. 
South Shields— John A. Mease, Esq. 

Stochbridge—Georgo Edmondson, 
Esq. 

Swansea— Dr. Thomas Williams. 
Whitehaven— John B. Wilson, Esq 
Winchester— G. Gunner, Esq. 
Wolverhampton— B. Walker, Esq. 
Worcester —W. Perrins, Esq. 
York—W . G. Procter, Esq. 


UNITED STATES. 

New York— Henry Bailliere, Esq., 290, Broadway.' 
Philadelphia —William Procter, jun., Esq. 
Cambridge —John Bartlett, Esq. 


HARRISON AND SONS, PRINTERS, St. MARTIN^ LaNE. 






